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Reasons? Over a million hydrants now in service throughout the 
world. A number like that speaks for itself, says plenty about the 
outstanding features of the hydrant and the excellent service and 
reliability you can expect with R. D. Wood products. 


Conform to A.W.W.A. specifications 


R. D. WOOD COMPANY 


Public Ledger Bidg., Independence Square, Philadelphia 6, Pa. 
Established in 1803 
Manufacturers of ‘‘Sand-Spun”’ Pipe (centrifugally cast in sand molds) 
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LOCK JOINT 
LAUNCHES 
PLASTICS DIVISION 


To produce plastic pipe and protective coatings and linings 
for the transportation of sanitary and industrial wastes, 

and corrosive fiuids, Lock Joint Pipe Company has estab- 
lished a Plastics Division through the acquisition of the et 

following highly regarded companies in the plastics field: : 
ELECTRO-CHEMICAL ENGINEERING & MANUFACTURING co. 
EL-CHEM ENGINEERING & MANUFACTURING CO. (¢ ; 
Corrosion resistant coatings, films and foams. ‘ 

CORROPLAST, INC. 

P.V.C. pipes, sheets and shapes. 

OSCAR DAVIS COMPANY, INC. 

Piastic fittings, valves and special fabrications. 
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| LOCK JOINT PIPE COMPANY | 
CONCRETE "PRESSURE, SEWER, PLASTIC PIPE, AND PROTECTIVE COATINGS 
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THE STRONG 
CASE 


B-I-F DALL FLOW TUBES... 


£, 
¥ The Dall formula . . . for accurately predicting flow 
characteristics . . . allows great design latitude. 

With this design flexibility, many 

styles, many sizes, and the use 

of a wide variety of construction 

materials are possible. Whether 

the installation requires a six-inch 

insert-type unit of plastic as held 

by model or a twelve-foot weldment-type of steel, the largest ever 
made, the distinct Dall Flow Tube advantages are the same: 


© Lowest head loss obtainable with any known velocity-increasing 
differential producer. 


© Greatly reduced pumping costs over extended periods . . . ade- 
quate line pressure at distant points. 

© Self-scouring design ensures enduring accuracy .. . critical 
dimensions and surfaces kept at optimum condition for years of 
maintenance-free operation. 


Industries 
A DIVISION OF THE NEW YORK AIR BRAKE COMPANY (§) 


METERS © FEEDERS * CONTROLS / CONTINUOUS PROCESS ENGINEERING 


Request Bulletin 100.20-1 for complete details . . . and what may 
well be the answer to all your flow metering problems! Write . . . 
B-I-F Industries, 365 Harris Avenue, Providence 1, R. I. 
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AWWA SECTIONS 
Fall 1961 


Sep. 20-22—South Dakota Section, 
at Sheraton-Johnson Hotel, Rapid 
City. Secretary, J. Darrel Bakken, 
Div. of San. Eng., State Dept. of 
Health, Pierre. 


Sep. 27-29—Wisconsin Section, at 
Hotel Schroeder, Milwaukee. Secre- 
tary, Harry Breimeister, Bureau of 
Engineers, Room 607 Municipal Bldg., 
841 N. Broadway, Milwaukee. 


Sep. 28—Connecticut Section, at 
Maisel’s Grantmoor Restaurant, New- 
ington. Secretary, D. W. Loiselle, 
Supt. of Supply, Bridgeport Hydraulic 
Co., 835 Main St., Bridgeport. 


Oct. 1-3—Missouri Section, at 
Kentwood Arms Hotel, Springfield. 
Secretary, Warren A. Kramer, Chief, 
Water Supply, Div. of Health, State 
Office Bldg., Jefferson City. 


Oct. 2-3—Martime Branch, Cana- 
dian Section, at Brunswick Hotel, 
Moncton, N.M. Secretary, J. D. Kline, 
Gen. Mgr., Public Service Com., 162 
Lady Hammond Rd., Halifax, N.S. 


Oct. 2-4—Rocky Mountain Section, 
at La Katchina Hotel, Taos, N.M. 
Secretary, H. F. Kepner, Vice-Pres., 
Dana Kepner Co., 550 Alcott, Denver, 
Colo. 


(Continued on page 8) 


Oct. 4-6—Virginia Section, at Hotel 
Roanoke, Roanoke. Secretary, Ed- 
ward H. Ruehl, R. Stuart Royer & 
Assocs., 15 W. Cary St., Richmond 20. 


Oct. 5—6—Intermountain Section, at 
Twin Falls, Idaho. Secretary, M. W. 
Snell, Supt., Power & Water, Soda 
Springs, Idaho. 


Oct. 8-11—Alabama- Mississippi 
Section, at Buena Vista Hotel, Biloxi, 
Miss. Secretary, Ernest Bryan, South- 
ern Sales Mgr., McWane Cast Iron 
Pipe Co., Box 2601, Birmingham, Ala. 


Oct. 15-18—Southwest Section, at 
Granada Hotel, San Antonio, Tex. 
Secretary, L. A. Jackson, Mgr.-Engr., 
Municipal Water Works, Robinson 
Memorial Auditorium, Little Rock, 
Ark. 


Oct. 18-20—Iowa Section, at Roose- 
velt Hotel, Cedar Rapids. Secretary, 
Wilbur E. Bjork, Service Supt., Des 
Moines Water Works, 1003 Locust St., 
Des Moines. 


Oct. 25-27—California Section, at 
Hotel Senator, Sacramento. Secre- 
tary, Frank F. Watters, Hydr. Engr., 
State Public Utilities Com., State 
Bldg., Civic Center, San Francisco. 


Oct. 25-27—Ohio Section, at Com- 
modore Perry Hotel, Toledo. Secre- 
tary, J. H. Bass, Henry P. Thompson 
Co., 4866 Cooper Rd., Cincinnati. 
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IOWA Valves and Hydrants 
by the carload to meet San Jose 
Water Works’ growing requirements 


Glimpse of new subdivision of San Jose, 
California. City hes grown from 95,280 to 
202,571 in past ten years. 


Untoading scene as IOWA hydrants are 
delivered by the carioad to San Jose 
Water Works. 


Two IOWA gate vaives and a new hydrant 
being instatied. Hundreds of these iowa 
products are important components of 
San Jose's modern system. 


Carloads of 1owa gate valves and hydrants were 
purchased by the San Jose Water Works (an 
investor-owned, private company established in 
1866) for installation in their rapidly expanding 
system which serves seven cities and unincor- 
porated areas in Santa Clara County, California. 

Over 17,000 new water service connections 
were made in the last two years along 1200 miles 
of water mains to help care for a metropolitan 
population (Approx. 306,000) which has doubled 
since 1950. 


Iowa products were selected to be a part of 
the San Jose Water Works’ growth because of 
their proved dependability with minimum main- 
tenance and assurance of long-life performance. 

Every year more and more 10WA valves and 
hydrants are installed to serve the needs of 
growing communities like San Jose. Experience 
shows that 10wa products have that extra qual- 
ity of materials, that extra-precise fitting and 
assembly that makes for longer life and easier 
maintenance. 


Let us send you details on the complete IOWA /ine 


IOWA VALVE COMPANY 


Oskaloosa, lowa 


Subsidiary 


Subsidiary of James B. Clow & Sons, Inc. 
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Coming Meetings 


Oct. 25-28—New Jersey Section, at 
Dennis Hotel, Atlantic City. Secre- 
tary, A. F. Pleibel, District Sales Mgr., 
R. D. Wood Co., 683 Prospect St., 
Maplewood. 


Oct. 29—Nov. 1—Florida Section, at 
Cherry Plaza Hotel, Orlando. Secre- 
tary, John B. Miller, Director, Div. of 
Water Supply, Bureau of San. Eng., 
State Board of Health, Box 210, 
Jacksonville 1. 


Nov. 1-3—Chesapeake Section, at 
Emerson Hotel, Baltimore, Md. Sec- 
retary, Carl J. Lauter, 6955—33rd St. 
N.W., Washington, D.C. 


Nov. 13-15—North Carolina Sec- 
tion at George Vanderbilt Hotel, Ashe- 


ville. Secretary, T. Z. Osborne, Asst. 
Director of Public Works, Box W-2, 
Greensboro. 


OTHER ORGANIZATIONS 


Oct. 4-6—North Dakota Water & Sew- 
age Conference, Gladstone Hotel, 
Jamestown, N.D. 


Oct. 8-12—WPCF, Milwaukee, Wis. 


Oct. 16-20—ASCE, Statler-Hilton Hotel, 
New York, N.Y. 


Oct. 17-20—Eastern Water Co. Confer- 
ence, Atlantic City, N.J. 


Oct. 19-21—National Society of Profes- 
sional Engineers, Hotel Roanoke, Ro- 
anoke, Va. 


Oct. 23-28—First Inter-American Con- 
gress of Chemical Engineering, San 
Juan, P.R. Write: Secretary, Institute 
of Chemical Engineers of Puerto Rico, 
Box 47, Rio Piedras Sta., P.R. 


(Continued from page 6) 


Nov. 13-17—APHA, Cobo Hall, Detroit, 
Mich. 


Nov. 26—Dec. 1—ASME Winter Annual 
Meeting, Statler-Hilton Hotel, New 
York, N.Y. 


Nov. 27—Dec. 
Chemical Industries, 
York, N.Y. 


1.—28th Exposition of 
Coliseum, New 


SHORT COURSES 


Oct. 16-27—Training course on ‘“Plank- 
ton Identification and Control,” R. A. 
Taft Sanitary Engineering Center, Cin- 
cinnati, Ohio. Write: Chief, Training 
Program, 4676 Columbia Pkwy., Cin- 
cinnati 26, Ohio (or to USPHS re- 
gional director). 


Oct. 23-27—10th Annual Water Works 
Management Short Course, sponsored 
by the Illinois and Indiana sections, 
AWWA, at Allerton House, Monti- 
cello, Ill. Write: Short Course Super- 
visor, 116B Illini Hall, Champaign, III. 


Nov. 6-10—Training course on “Radio- 
active Pollutants in Water,” R. A. Taft 
Sanitary Engineering Center, Cincin- 
nati, Ohio. Write: Chief, Training 
Program, 4676 Columbia Pkwy., Cin- 
cinnati 26, Ohio (or to USPHS re- 
gional office). 


Nov. 13-17—Training course on ‘Radio- 
nuclides in Water,” R. A. Taft Sani- 
tary Engineering Center, Cincinnati, 
Ohio. Write: Chief, Training Pro- 
gram, 4676 Columbia Pkwy., Cincin- 
nati 26, Ohio (or to USPHS regional 
office). 


Dec. 4-15—Training course on “Chemi- 
cal Analyses for Water Quality,” R. A. 
Taft Sanitary- Engineering Center, 
Cincinnati, Ohio. Write: Chief, 
Training Program, 4676 Columbia 
Pkwy., Cincinnati 26, Ohio (or to 
USPHS regional office). 
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Cyanamid Alum is quality con- 
trolled from start to finish to meet 
stringent specifications. Manufac- 
turing plants are strategically lo- 
cated for efficient service. 
SUPPLIED IN THE FORM YOU WANT: 
Liquid — for cleaner, easier, more 
economical operation. In tank wa- 
gons and tank cars from 9 conven- 
ient shipping points. Conforms fully 
to AWWA standards. 


Dry — conforms fully to AWWA 
standards in ground, rice, lump or 
powdered grades. Bagged or bulk. 


WHY NOT CONVERT TO LIQUID? 
Your costs — and savings — can be 
determined quickly by a Cyanamid 
representative with years of con- 
version experience at your service. 
Just call Cyanamid for product or 
technical service of any kind. 


— 


AMERICAN CYANAMID COMPANY 


Process Chemicals Department, 30 Rockefeller Plaza, New York 20, N. Y. 
in Canada: Cyanamid of Canada Limited, Montreal and Toronto 
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GASKET RETAINER BAR 


ROUND GASKET (DEFORMED) 


SECTION 
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Introducing 
Bethlehem’s 
Bell-and-Spigot Joint, 
with Gasket 


Here’s a joint that promises new ease and speed 
of installation, added to the many well-known 
advantages of steel pipe. 

We make it in diameters from 24 in. through 
120 in., but if you have something a little 
smaller or larger in mind, let’s talk it over. 

And this joint is tight. We’ve tested it to over 
450 psi (more than double ordinary working 
pressures) and it didn’t leak a drop. 

We can line and coat the pipe at the shop 
with top-quality coal-tar enamel, and wrap it 
if desired. This gives you the best, longest- 
lasting protection that money can buy, plus 
high flow capacity. But if other coating com- 
binations are preferred, we’ll supply the pipe 
to comply. 

As with all steel pipe, every single 40-ft 
length undergoes a hydrostatic test well in 
excess of the design working pressure. 


> \ If you’re thinking about installing a large- 
“4 diameter water main, let us give you more 
WS, information about our new Bell-and-Spigot 


Pipe. We suggest that you have a talk with the 
people at the Bethlehem sales office nearest you. 


for Strength 
... Economy 
... Versatility 


BETHLEHEM STEEL COMPANY, BETHLEHEM PA. 


Export Sales: Bethlehem Stee! Export Corporation 


BETHLEHEM STEEL 


Be 
a3 
BETHIEHEN 
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34,000 reasons why 
St. Cloud depends on 


Keeping pace with the ever-increasing 
demands for water to supply population 
growth and industrial expansion, is no 
easy job. 

But more and more cities are proving 
equal to the task by adopting newer, 
more economical and more scientific 
methods of water handling. And to sim- 
plify the complete operation, they are 
installing Bailey Instrument and Con- 
trol Systems. Because Bailey can fur- 
nish complete control systems . . . made 


... Serving a population of 
34,000 Minnesotans requires up to 
9,000,000 gallons of water per day. Con- 
trolling and recording the operation of 
St. Cloud’s six filtering beds are six 
Bailey Filter Operating Consoles. This 
modern water treatment plant went 
into service in February, 1957. 


Engineers: Consoer, Townsend & Associates 
Mechanica! Contractor: George A. Bass Construction Co. 


up of standardized components . . . that 
not only do a better job, but can easily 
be expanded to meet future needs. 
Engineers, water superintendents and 
city officials themselves will tell you 
that Bailey telemetering and control 
systems are outstandingly reliable and 
economical, attractive, and easy to 
maintain. 

Ask your qualified Bailey Engineer to 
help you plan your water works expan- 
sion program. W-4.5 


WATER & WASTE TREATMENT DIVISION 


BAILEY METER COMPANY 


1024 IVANHOE ROAD « CLEVELAND 10, OHIO 
In Canada — Bailey Meter Company Limited, Montreal 


Vol. 53, No.9 
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Hagan Coagulant Aid 


raises plant throughput 


by 


~ 


3% 


Water plant at Golden. Main water source is Clear Creek, a fast-flowing mountain stream. 


Quick Case History—reading time 57 seconds 


THE PLANT: Golden is a growing com- 
munity, with a rapidly expanding in- 
dustrial district. The water plant serves 
some 8,500 people, and must deal with 
the very turbid water of Clear Creek, 
which falls an average of 115 feet per 
mile. The water is first piped to a set- 
tling pond, then to a clarifier. Next, fil- 
tration, and then to the clear well. 
THE PROBLEM: The water carries mine 
drainage, mud, silt, color and algae, so 
that, with the best of coagulation pos- 
sible with lime and alum, turbidities of 
20 ppm on top of the filters were not 
uncommon. Filter runs were short, and 
plant efficiency hard to maintain. 

THE SOLUTION: The use of a coagulant 
aid was indicated, so an investigation 
of all available materials was made. 
Jar tests were used and after four 
months, the product that seemed to be 
best was Hagan Coagulant Aid No. 2. 
Next step was a plant trial, which con- 
firmed laboratory findings. 


RESULTS: Turbidity on the filters was 
reduced to 3 ppm, with zero turbidity 
after filtration. Plant throughput was 
increased from 1,500,000 to 2,200,000 
gallons per day and backwashing was 
reduced. Over-all plant operating effi- 
ciency has increased by 97 percent. 
Since Hagan Coagulant Aids are effec- 
tive over a wide pH range, treatment 
adjustments are rarely necessary. 

THE PRODUCT: Hagan Coagulant Aids 
are non-toxic, easy to handle, and pro- 
duce large, tough floc that speed set- 
tling time. The Aids are easy to feed, 
either dry or in slurry form, and are 
completely safe for use with drinking 
water. For more information on Hagan 
Coagulant Aids, write or phone the ad- 
dress below. Ask for Bulletin HSP-919. 


HAGAN 


CHEMICALS & CONTROLS, INC. 
HAGAN CENTER, PITTSBURGH 30, PA. 


HAGAN DIVISIONS: CALGON CO. - HALL LABORATORIES « BRUNER CORP. 
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ete Pressure Pipe 


TAILOR-MADE TO 
SPECIFICATIONS 


For pumping, treatment or industrial plants, 
concrete pressure pipe can best solve con- 
struction problems. No need to build the 
structure around the limited flexibility of 
standard fittings. Tailor-made to specific re- 
quirements, concrete pressure pipe meets the 
most exacting demands of entrance or exit 
into structures; it makes accurate connection 
with facilities of the building without field 
cutting or other makeshift expedients. 

Concrete pressure pipe is also tailor-made 
to operating conditions, with a variety of 
designs to assure the most efficient pipe for 
specific purposes at the most economical cost. 

In addition to its adaptability, concrete 
pressure pipe offers trouble-free service, sus- 
tained high carrying capacity and negligible 
maintenance requirements throughout a 
remarkably long and useful life. 


WATER FOR GENERATIONS TO COME 


AMERICAN CONCRETE PRESSURE PIPE ASSOCIATION 
228 North LaSalle Street * Chicago 1, Illinois 
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“Only The Best” 


For ordering dependable 
and proven pipe line equip- 
ment, consult your latest 
Pollard Catalog #27. 


Included in the #27 
Catalog, and displayed on 
this page, are the M-Scope 
Transistorized Combination 
Leak Detector and Pipe 
Locator, Audio-Scope, Geo- 
phone Leak Detectors, T-10 
Electronic Box Locator, 
Aqua Valve Box Locator and 
Magnetic Dipping Needles 
for locating service boxes. 


Hundreds of water de- 
partments all over the 
country are using Pollard 
“one order” service. You, 
too, can enjoy the advan- 
tages of ordering from the 
nation’s #1 source for de- 
pendable pipe line equip- 
ment. 


PIPE LINE EQUIPMENT PI your next Jer with POLLARD 


ts from POLLARD it's the Best line Equipment 


OLLARD NEW HYDE PARK +> NEW YORK 


964 Peoples Gos Building, Chicago, IIlinois 
333 Condler Building, Atlanta, Georgio 


PIPE LINE EQUIPMENT 


IPE LINE EQUIPMENT PHONE: PIONEER 6-0842 
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WATER CONDITIONING SYSTEM 


Removes Iron, Manganese, Sulphide, Organics with- 
out Waste Disposal Problems . . . Costly Excess Lime 
Treatment . . . Settling Tanks and Siudge Removai 
«or Complicated Equipment. 


The Ferrosand CR Filter makes possible the following 
important advantages because of its unique feature 
of continuous regeneration combined with many 
improvements in basic filter design: 


® Effiuent quality usually far superior to conventional 
methods of iron and manganese removal. 

® Much less outage time. No one-hour shut-downs for con- 
ventional regenerations — simply backwash and rinse — 

that’s it. 

' @ Extremely low chemical cost. Usually only a trace of per- 
manganate is needed. 

® Large water saving — since no intermittent regeneration 
with brine, permanganate or other chemical. 

® Wo serious waste disposai problem. There is no excess 
permanganate used — so no problem of disposal of excess 
permanganate, brine or sludge. 

® Higher fiow rates — often 3-5 gpmi/sa. ft. — resulting in 
smaller, lower cost equipment and building. 

® Manganese removal by simple, straight-thru filtration. No 
excess lime treatment with settling tank, sludge removal, 
filter and pH stabilization. 


Pressure or gravity systems . . . for manual or automatic 
operation .. . are available. Your present filter system can 
be converted at LOW COST. 

WRITE OR TELEPHONE FOR FURTHER INFORMATION. WE WILL 


REFER YOU TO INSTALLATIONS WHERE THE SUPER-ECONOMY AND 
SUPEREFFICIENCY OF THE FERROSAND GR FILTER HAVE BEEN 
UNMIST. ESTABLISHED. 


“CLAYTON, NEW JERSEY, U.$ 
Specialists in Water Conditioning for over 50 years 
{A representative will cali on request.) 


*Patent applied for. License availabie to qualified manufacturers. 
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automatic 
alarms 
keep your” 
chlorination on the) 


Convert your chlorine system to a system that watches itself, monitors 
its own results. Conversion is easy with Wallace & Tiernan Automatic 
Alarms. These dependable warning devices aid in overall operating 
efficiency ... give you the final assurance that your system is operating 
properly, that your water is safe. And these alarms are flexible enough 
to tie in with any physical layout, any type of signal. 

W&T Alarms warn of any deviation from desired performance. You 
get audible or visible warnings, at or remote from the chlorinator. Alarms 
warn you of dangerous pressure increases, lowered or exhausted chlorine 
supply, malfunctions in auxiliary equipment, and other hazards. And, to 
keep your system “on beam” at all times, alarms show residuals outside 
pre-set limits. 

With automatic alarms by Wallace & Tiernan you avoid 
dangerous underchlorination and wasteful overchlorination. 

You save man-hours for more efficient use of personnel. 


For more information, write Dept. S-143.05 


WALLACE & TIERNAN INCORPORATED 


25 MAIN STREET. BELLEVILLE 9, NEW JERSEY 
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Now you can stop paying freight on water. The W&T Paste- 
type Lime Slaker lets you buy unslaked lime—lets you slake 
it in your own plant completely, continuously, conveniently. 


Wallace & Tiernan’s Lime Slaker works with a constant paste 
slurry, controlled by a torque-actuated water valve. Slaking 
is complete in 5 minutes, water to lime ratio only 2:1. And 
the W&T Slaker needs no pre-heating, no insulation. You get 
a smaller, more compact slaker. The 1000 lb./hr. model oc- 
cupies less than 6 ft. x 2 ft. of floor space; the 8000 Ib./hr. 
model, less than 46 sq. ft. 

Many other fine points too. There’s no splash or splatter. 
Grit removal is completely automatic . . . lime wastage nil. 


With the W&T Lime Slaker, you slake lime in your own 
plant . . . save on freight. 
Write for information, Dept. M-58.05. 


WALLACE & TIERNAN ING. 
25 MAIN STREET, BELLEVILLE 8S, NEW JERSEY 
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The 100 largest cities in the United States, surveyed recently, have 
more than 95,000 total miles of water mains — more than 90% of 


which is cast iron pipe! 


DO YOU KNOW that when larger distribution mains are needed, the 
smaller mains can be reclaimed for years of additional service... if 
they are cast iron? In Reading, Pa., for example... seven miles of cast 
iron pipe was taken up and relaid — saving about $350,000. Rarely, if 
ever, is composition pipe taken up and re-used. 


DO YOU KNOW that the AMERICAN | 
Fastite Joint requires no calking? 
Its only joint component is 2 dual 
hardness, easily-inserted, double- 
sealing rubber gasket. A minimum | 
of labor and equipment is needed 
to install Fastite pipe... and the 
extra minutes saved soon total up 
to additional dollars saved in in- 
stallation costs. 

*Patent applied for 
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DO YOU KNOW that cast iron pipe is designed to withstand expected water 
ammer shocks which can burst weaker mains? In tests, it required 3,400 psi 
ater pressure to burst 6” Class 150 AMERICAN pipe. Composition pipe of 


similar size and class failed at 770 psi. 


DO YOU KNOW that industry requires large volumes of water... and it must 
be economical? For most new industrial plants, water is the most important 
natural resource. In the long run, cast iron pipe delivers water cheapest of all. 


UR 


AMERICAN CAST IRON PIPE CO. 
BIRMINGHAM ALABAMA 
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ONE SOURCE, ONE RESPONSIBILITY 


WATER raenal AND FILTER PLANT EQUIPMENT 


For more than forty years, Leopold has been 
serving municipalities with time-tested prod- 
ucts, technical “know-how” and filter plant 
design experience. Now you can specify Leo- 
pold for the entire job, whether it be for 
rebuilding or adding plant capacity. Depend 
on Leopold’s careful handling to produce an 
effectively engineered operation complete 
with dependable Leopold products, from “top 
to bottoms.” Write for complete information 
GLAZED TILE FILTER BOTTOMS on any of the products illustrated, to the F. B. 
Leopold Company, Inc., 227 South Division 
Street, Zelienople, Pennsylvania. 
Leopold also manufactures flash and verti- 
cal shaft paddle mixers, samplers and sampler 
tables, orifice box solution feeders and other 


accessories. 


FIBERGLASS-REINFORCED i 
PLASTIC WASH TROUGHS 4 sf 


pr 


BUTTERFLY VALVES 
DRY CHEMICAL 
FEED MACHINES 


RUBBER-SEATED 


ROTARY SURFACE WASHERS 
FIBERGLASS HOPPERS 
AND SOLUTION CHAMBERS 


FILTER OPERATING TABLES AND PANELS 


F.B. LEOPOLD INC. 


¥ 
git 22 PER 
= 
<< 
Le000 C Zelienople, Pa. 
: 


Clariflow HC Series... LIME SODA- ASH 
SOFTENING -TURBIDITY REMOVAL- CHEMICALLY PRECIPITATED WASTES 


Ciariflow Inlet for flow-thru control. The Accelerated chemical reaction and flocc 
tried and proven Clariflow Inlet controls formation for maximum clarification. 


density currents and eliminates flowing- te 
thon Tre -circuiting. 8 Heavy duty sludge collector for positive 
. sludge removal and sludge blow-off control. 

Four or six to one (or even ten tc one) . . y 
Wide range of sizes and capacities for 


internal recirculation for ultimate in par- 
ticle contact.* circular or square basins. 


*Where controlled, lesser amounts of contact with the previous precipitate are desired, re- 
fer to Walker Process § & R Series Clariflows designed with outside, pumped slurry return. 


PROCES 
Walker Process Equipment Inc. 


FACTORY * ENGINEERING OFFICES . LABORATORIES . AURORA, ILLINOIS 
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IGHT AND DAY 


twenty-four hour service 


PUMPS « WATER WELLS « WATER TREATMENT 


Layne knows that an unfailing supply 
of water is vital, whether it be for 
municipal, industrial or agricultural use. 
With Associate Companies located 
throughout the world, Layne can pro- 
vide the speed, the trained technicians 
and the quality parts to remedy your 
water problem. Over 75 years of ex- 
perience accounts for the ever increasing 
list of customers who depend on Layne 
for service. For service night and day, 


Write for Layne Service Bulletin 100. call the Man From Layne. 


LAYNE OFFERS COMPLETE WATER SERVICE: Initial Surveys « me i . dati ote lecti 
and © well drilling ¢ well casing and screen « pump des: f and 

tion of water systems maintenance and service chemical treatment of water water packed by Layne 

Research « Layne services do not replace, but coordinate with the services of consulting, plant and city engineers. 


LAYNE & BOWLER, INC., MEMPHIS 


Offices and Factory « Memphis 8, Tennessee 


LAYNE ASSOCIATE COMPANIES THROUGHOUT THE WORLD 
Sales Representatives in Major Cities 
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Crystal-clear water... and every drop 
free of germs, algae, and fungi. HTH releases effective, de- 
pendable chlorine that sanitizes new pipe lines, protects wells 
and reservoirs, too. Comes in either free-flowing granular or 
convenient tablet form. Packed in new, easy-to-handle 334-lb. 
plastic bottles, 35-lb. pails and 100-lb. metal drums. Write for 
literature, to: OLIN MATHIESON, Baltimore 3, Md. 


Here’s to Health... HTH, 


v1 CHEMICALS DIVISION Olin 
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New advanced concept! 
B-I-F laboratory control... 
more efficient water treatment 
for less money! 


ONE MAN CONTROL — From a single console in laboratory, 
the best qualified man (the plant chemist or chief operator) 
now has instant fingertip control over plant through-put, 
chemical additions, and filter backwash. This simplifies and 
improves process supervision . . . releases other manpower 

for more productive assignments. 


MORE EFFICIENT FILTRATION — Auto-Central backwash 
control . . . eliminates over or under washing and upset filter 
beds . . . allows key-man to make immediate, corrective 
adjustments over entire filtration and treatment process. 


REDUCED COSTS — Overall plant construction costs reduced 
15% to 20% by eliminating structures over filters. Chemical 
feeders located for straight-line process flow . . . protects floc, 
improves settling, provides longer filter runs. Remote location of 
feeders reduces maintenance cost by removing chemical 

dust problem from office and laboratory. 


ANOTHER B-I-F Ist! — Since the introduction of its Venturi 
Tube, 74 years ago, B-I-F has continuously developed new 
products and concepts in the municipal water treatment field. 
Today Laboratory Control makes your municipal bond dollar go 
farther by increasing filtration efficiency at lower cest. 


REQUEST new Bulletin 2-1.20-1. Write B-I-F Industries, 
365 Harris Avenue, Providence 1, Rhode Island. 


_@ industries 
A DIVISION OF THE NEW YORK AIR BRAKE COMPANY (f) 


METERS + FEEDERS » CONTROLS / CONTINUOUS PROCESS ENGINEERING 
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Answers Questions 


About an Economical, 
Efficient Method of 
Municipal Water 


The use of ion exchange resins to reduce hardness of municipal water sup 
plies has become more and more common as an ever increasing numbe 
of communities have come to realize the benefits of this modern, economi 
cal method of water softening. Here are a few of the more common ques 
tions answered for you by F. K. Lindsay, Nalco expert on municipal ion 


exchange applications. 


Question: Can ion exchange softening be 
used to reduce hardness of any munici- 
pal water supply? 


Answer: Yes, though ion exchange may 

more economical under some condi- 
tions than under others. For example, 
when quantity demands are great, high 
bicarbonate waters are sometimes more 
economically treated with iime. When 
only moderate demands are made on 
the system, however, ion exchange 
processes are not only simpler, but less 
expensive, and are particularly suited 
to intermittent operation. Whether or 
not ion exchange can be used to ad- 
vantage in a given system can be de- 
termined from a detailed analysis of 
that system—an analysis which can be 
made by a Nalco ion exchange special- 
ist upon request. 


Question: Do ion exchange softening 
processes work efficiently on water sup- 
plies containing iron? 


Answer: Ion exchange can be used to 
treat iron bearing water. However, it 
is often desirable in such cases to first 


remove the iron by an oxidation and 
filtration process, so that both the 
water passed through the resin beds, 
and the blending water used for con- 
trol of hardness at the mains, are iron 
free. The city of Pella, Iowa, has such 
a system, where iron removal and ion 
exchange softening are carried on auto- 
matically to keep the hardness level at 
no more than 5 grains per gallon. 
Ground water is pumped through an 
aerator and passed through gravity 
sand filters, which remove oxidized 
iron. Part of this iron-free water flows 
to open gravity beds containing Nal- 
cite® HCR-W® cation exchanger 
and the balance of the filter effluent is 
blended with the exchanger effluent to 
maintain exact hardness control. The 
resin beds are regenerated at a low salt 
dosage, and automatic titrators control 
the point at which the regeneration 
takes place. When the storage tanks 
and stand pipe are full, the well pump 
stops and the plant remains idle until 
more water is needed. If the iron re- 
moval plant were not used, the ‘on ex- 
change beds would require heavier salt 
dosages and periodic cleaning. 
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vestion: Can ion exchange be used 
o lower cost when lime-soda 
reating? 
nswer: Yes. Water now requiring 
arge quantities of soda ash can 
be treated economically by elimi- 
hating soda ash and following lime- 
reatment with ion exchange. This 
Meprocess is used by the Village of 
m_aGrange, Illinois, where high sul- 
late hardness water is treated first 
rith lime to reduce carbonate hard- 
ess and remove iron, and the lime 
reater effluent (at a 20-grain hard- 
ess level) is filtered, and passed 
ip-flow through, Nalcite HiCR® 
tation exchange open gravity resin 
yeds. The “‘Zeolite” softened water 
s then blended with filtered lime- 
reater effluent to maintain hard- 
ess at a 5 grain per gallon level. 
salt consumption amounts to 0.25 
»ounds per kilograin of hardness 
emoved from the filtered lime- 
reated water. 


Ruestion: Many municipalities draw 
heir water from several wells. How 
ran ion exchange be used in such 
ases? 

Answer: If the water supply does 
ot contain constituents that will 
foul ion exchange resin beds, auto- 
matic water softeners and blend- 
ng controls can be placed at each 
ource. Operation is automatic— 
ater flowing from each well is re- 
juced in hardness to the desired 
evels, and contact meters deter- 
mine the need for regeneration. 


Ruestion: Can sea water be used to 
egenerate ion exchange resins? 

Answer: Yes. Nalcite HCR or Nal- 
site HCR-W cation exchangers can 
9e regenerated with sea water to 
»yroduce capacities of 15,000 to 18,- 
)00 grains per cubic foot. However, 
ea water must be adequately fil- 
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tered, and usually chlorinated, to 
revent contamination of resin 
s. The sea water is pumped up- 
flow through the resin beds, simi- 
lar to a backwashing process, and 
the flow is then reversed to pass 
the sea water down-flow through 
the bed. About fifty gallons of sea 
water per cubic foot of resin bed 
will provide effective regeneration. 
The city of precebtclee: Beach, 
Fla., operates a plant of this kind 
to soften a well-water supply, using 
equipment which is 
automatically regenerated with sea 
water on a gallonage basis. 

Brine wells can also be used to 
regenerate resin beds if the salt con- 
tent is sufficiently high to provide 
effective capacities. A two per cent 
or greater concentration is desir- 
able, although wells containing as 
little as 0.75 per cent NaCl have 
produced about 8000 grains capac- 
ity per cubic foot. 


Question: What are the advantages 
of using Nalcite ion exchange ma- 
terials? 

Answer: Quality resins and expert 
technical assistance on ion ex- 
change. Nalcite ion exchange resins 
are produced by the Dow Chemi- 
cal sane for Nalco Chemical 
Company, and are available from 
leading water conditioning equip- 
ment manufacturers. These resins 
are produced in carefully con- 
trolled manufacturing processes, 
during which small, weak, and 
cracked beads are virtually elimi- 
nated. The result is a water soft- 
ener made up of tough, long-lasting 
ion exchange resin beads. And, as 
with other Nalco products, Nalco 
experts are at your service, to help 
you analyze and solve your water 
conditioning requirements. For in- 
formation about water condition- 
ing with Nalcite ion exchangers, 
write to Nalco for Bulletin Z-5. 


NALCO CHEMICAL COMPANY 
6216 West 66th Place 
® Subsidiaries in poem Italy, Mexico, Spain, 
Venezuela and West Germany 
In Canada: Alchem Limited, Burlington, Ontario 


.-.Serving Industry through Practical Applied Science 


Chicago 38, Illinois 
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“West Coast Wood Tanks” 


* More for your Dollar * Simplicity of Erection 
* Low Initial Cost * No Painting Required 
* Low Maintenance ¢ Natural Insulation Properties 


for further information on all 


types of Wood Tanks write to: Ww EST COAS T 
woOD TANK 


1909 NORTH EAST 137TH AVENUE pssoc 1ATIO N 
PORTLAND 30, OREGON 
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That's the treatment your water well gets when you call Halliburton 
tor Acidizing Services. 

carne in helping you select the proper type and strength of acid. 
caae in placing the acid solution at the proper rate and pressure. 


CARe in perf g a truly professional well treat: t all around — 
and at a reasonable price! 


This care and attention is part of the service when you or your con- 
tractor deal with Halliburton. Halliburton Acid Treatments ~ 4 
large volumes of acid under pressure into the formation to enlarge flow 
channels in limestone aquifers and help remove water blocking 
deposits by penetrating back away from the well. Acids used in 
Halliburton treatments are: 
e HCl ACID — Hydrochloric ( Muriatic) acid, the basic acid for al- 
most all treatments, usually used in a 15% solution, for enlarging 
flow channels. 


¢ Fe ACID — excellent for iron bearing formations where iron plating 
plugs the zone and well screen. 

¢ HF ACID — a mixture of HCI and Hydroflouric acid for sand for- 
mations is designed to help shrink and dissolve mud particles. Also 
excellent in formations with high clay content. 

To help solve other specific well problems, Halliburton provides 

chemical additives such as Mud-Flush, a non-acid, water base solu- 

tion which aids in thinning and dispersing drilling mud particles 

for removal. 

Call Halliburton for careful acidizing — and other water well services 

includiag a - Hydraulic Fracturing and exclusive Hydro- 

Sonic Well Redevelopment. Your Halliburton man is back 

experience in performing over three million well service jobs . . 

he is as near as your phone. 


4 


Dedicated through research and performance to better service for America's water wel/s 


All Halliburton Services are performed under a 
contract containing a limited liability provision. 


WATER WELL SERVICES 


Hall.burton 


COMPANY . DUNCAN, OKLAHOMA 
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Offices in principal cities 


WORTHINGTON 


bd 
PATENTED SILICONE STUFFING BOX PACKIN 
- 
simp 
METER DIVISION 
Split case : 
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Controls 
elevation of 
water 
in 
tanks, basins 
and 
reservoirs 
1. Single Acting 
2. Double Acting 


ALTITUDE VALVE 


Automatic Values 


Maintains 
safe operating 
pressures 
for 
conduits, 

distribution 
and pump 


discharge 


Maintains 
desired 
discharge 
pressure 
regardless 
of change 
in 
rate of flow 


REDUCING VALVE 


Regulates pressure in gravity 
and pump systems; between reser- 
voirs and zones of different pres- 
sures, etc. 


A self contained 
unit with 
three or more 
automatic 
controls 


COMBINATION VALVE 


Combination automatic control 
both directions through the valve. 


Maintains 
levels in tank, 
reservoir 
or basin 


1. As direct 
acting 
2. Pilot oper- 
ated and with 
float traveling 
between two 
stops, for upper 
and lower limit 
of water eleva- 


Electric remote 
control— 
solenoid or 
motor 
can be 
furnished 


REMOTE CONTROL VALVE 


Adapted for use as primary or 
secondary control on any of the 
hydraulically controlled or operated 


tion. 


FLOAT VALVE 


Packing Replacements for all Ross Valves Through Top of Valve 


valves. 


ROSS VALVE MFG. CO., INC., P. 0. BOX 593, TROY, N.Y. 
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Now ... before the first water flows 
into this new tower. With ERP to 
help you from the start of its life, 
you'll fight deterioration . . . lengthen 
the tower’s life . . . come out dollars 
ahead. 


For ERP gives you the finest protec- 
tion there is — cathodic protection. 
From before its birth to the end of its 
long life, your water tower has a con- 
stant guard — ERP. You'll save on 
annual maintenance and painting 
costs. And as your water level and 
protection needs change—so does 
your ERP protection. ERP service 
crews constantly keep your = 
economical and efficient. 


ERP economy can be yours. And 
your greatest economy will come if 
you install ERP now. Write for in- 
formation to Dept. E 53.05. 


ELECTRO RUST-PROOFING CORP. 


A SUBSIDIARY OF WALLACE & TIERNAN INC 


30 MAIN STREET. BELLEVILLE 9.NEW JERSEY 
CABLE: ELECTRO. NEWARK. N. J. 
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Planning for National Water Needs 


Robert S. Kerr 


An address presented on Jun. 5, 1961, at the Annual Conference, De- 
troit, Mich., by Robert S. Kerr, US Senator from Oklahoma. 


AM particularly pleased to talk 

with this audience of water men 
of America about planning for our fu- 
ture water needs. I know that the 
nation can count on you, as it has 
counted on you in the past, to ad- 
vance the science and the service of 
the water supply industry so that the 
nation’s needs for water can be met. 

I sometimes refer to you as “hydro- 
nauts” because you are leading us on 
the way to new frontiers in the field 
of water resources development, just 
as our astronauts stand on the thresh- 
old of the future exploration of space. 

There is a new spirit alive in Wash- 
ington. For 8 years, progress in water 
resources development was slowed 
down or stopped by a policy of “no 
new starts.” Development and use of 
our water resources for the benefit of 
all were held to be of less importance 
than a balanced budget. Now, under 
the dynamic leadership of President 
Kennedy, there is a spark of vitality 
that reaches down through all the 


agencies of the government. A 


mighty nation is facing up to the needs 
and responsibilities in the field of water 


resources for the first time in almost 
a decade. We are going to make 
greater progress in conservation and 
development of our water resources 
in the next few years than ever before. 
AWWA members have performed a 
great public service in providing good 
water to our cities and towns and in- 
dustries in the past, and I am sure 
that they will meet the challenge of 
our new goals and aspirations in the 
future. 


Need for Planning 


At Detroit, on the shores of the 
Great Lakes, which contain over one- 
third of the world’s fresh-water supply, 
one would think that there should be 
no water problems. Yet, when the 
recent Select Committee on National 
Water Resources of the United States 
Senate made its studies, it found that 
such was not the case. The committee 
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was invited to come to Detroit to hold 
a hearing by one of its most distin- 
guished members, Philip A. Hart, 
senator from Michigan. We found 
the same water supply and pollution 
abatement problems at Detroit as in the 
other parts of the nation. We found 
serious pollution problems. We found, 
at Detroit, as elsewhere, a lack of 
knowledge as to the effects of pollution 
on the Lakes. We found conflicting 
demands for water. Many problems 
were brought home to us forcefully at 
our hearings at Detroit. It was the 
first hearing the committee held east 
of the Mississippi River. And it was 
one of the best we had anywhere. It 
and every other one of the 25 hear- 
ings held by the committee pointed 
to the need for an all-out, coordinated 
attack on the problems of water re- 
sources development. The hearings 
made it very clear that the efforts of 
all agencies of the federal government, 
of state and local governments, and 
of private industry would be needed if 
our economy is to be prevented from 
suffering from shortages of water. 

I believe there is just one answer, 
and it is broad comprehensive plan- 
ning for water resources development. 
I have favored this approach ever 
since I served as governor of Okla- 
homa during World War II and the 
immediate postwar years. After see- 
ing the mighty Arkansas and its tribu- 
taries ravage our countryside in times 
of floods, only to dry up in the sum- 
mer and permit our top soil to be 
blown to the four winds, I realized the 
great need for comprehensive water 
resources development. In Oklahoma 
today, we are grateful for the devel- 
opments that are now underway on 
the Arkansas River as a result of our 
planning. The first bill that I intro- 
duced, when I went to the United 
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States Senate in 1949, was for the pur- 
pose of creating an interagency study 
commission for the Arkansas, White, 
and Red River basins. This study 
covered watersheds of 180,000,000 
acres, including all of Oklahoma and 
parts of seven other states. The re- 
port on that study was completed after 
more than 5 years of effort, and it 
represents one of the pioneering ef- 
forts in planning for the comprehen- 
sive, coordinated development of the 
land and water resources of our large 
river basins. 

We now have under way a broad 
program of conservation of our land, 
wood, and water. As a matter of fact, 


I used those words—“Land, Wood 
and Water”’—for the title of a book, 
published in 1960, in which I tried 
to give credit to many people who con- 
tributed to the dream which is fast 
becoming a reality in Oklahoma. 


Select Committee Report 


But you hydronauts will be more 
interested, I am sure, in the recent 
report’? of the Senate Select Com- 
mittee on National Water Resources, 
on which I had the privilege of serv- 
ing as chairman. Between May 1959 
and January 1961, the select commit- 
tee undertook one of the most com- 
prehensive studies ever made of the 
water resources of the United States. 
AWWA was represented at several 
of the hearings, and its studies on 
water resources policy and on various 
technical aspects of municipal water 
supply were made available to the com- 
mittee. I hope that all AWWA mem- 
bers have seen the report of the com- 
mittee. I am told that so far more 
than 150,000 copies of the committee’s 
studies and report have been distrib- 
uted throughout the country to people 
who have asked for them. 
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After review and study of the back- 
ground material obtained by this mas- 
sive effort, the committee found that 
the margin between the nation’s water 
supply and the demands for water 
for all purposes is shrinking rapidly. 
Withdrawals of water now are esti- 
mated at about 300 bgd. On the basis 
of medium projections of population 
increase and economic growth, which 
I consider are likely to be exceeded, 
the committee was told that by 1980 
demands on the nation’s water re- 
sources will be doubled, and that they 
will triple by the year 2000. If the 
nation’s growth rate is greater than 
the medium estimates, as I am almost 
positive they will be, these increased 
demands for water will come upon us 
at an even earlier time. 


Future Efforts 
All the estimates are based on as- 


sumptions that there will be relatively 
little change in the present methods of 


water use and water waste. Under 
the assumptions made, the committee 
concluded that five major categories 
of effort would need to be intensified 
in the future, if prospective demands 
are to be met in such a way as not to 
inhibit national or regional economic 
growth: 

1. We need to regulate further our 
streamflow through the construction 
of surface water reservoirs and through 
better watershed management. 

2. We must improve the quality of 
our streams through more adequate 
pollution abatement or, as I would 
prefer to call it, better water quality 
management. 

3. We must make better use of po- 
tentialities for underground storage of 
water. 

4. We must increase the efficiency 
with which water is used through such 
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methods as elimination of wasteful 
practices in irrigation, improved sew- 
age treatment methods, recirculation, 
and substitution of air for water cool- 
ing in areas of potential water shortage. 

5. We must give greater support to 
research programs leading to cheaper 
methods of desalting, weather modi- 
fication, and other means of increasing 
water availability and yield. 


Increase in Water Use 


All of the objectives require plan- 
ning now for future action. Figure 1 
shows how the total requirements for 
water by the year 2000 will be ap- 
proaching the equivalent of the total 
streamflow in the United States, exclu- 
sive of Alaska and Hawaii.* As of 
1954, the streamflow was about 1,100 
bgd; demands for withdrawals that 
year were about 300 bgd, or roughly 
27 per cent of streamflow. The with- 
drawals, as shown in the figure, are 
divided into withdrawals for irrigation, 
municipal, industrial, and steam 
electric-power cooling, with the with- 
drawals for each of these purposes and 
the total of all divided into consump- 
tive and nonconsumptive uses. 

The estimates of water needs for the 
same purposes are also shown in the 
figure for the years 1980 and 2000. 
Along with the increased water de- 
mands, a reduction in streamflow is 
shown resulting from depletions by 
conservation of wildlife and for water- 
shed improvement. This is shown by 
the bracketed portion of the “water 
supply available” bars. Thus we have 
a water demand rising steeply against 
a water supply which is being reduced 
by these factors. 

Now the convergence of these two 
factors need not be a cause for alarm 
if we will begin to take the necessary 
action now. We must see that the 
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necessary steps are taken to provide water quality management in order to 
for holdover storage to even out the permit water to be used over and over 
flow of our streams so that water will again. 

be available when needed. We must The select committee also gave at- 
undertake measures to improve our tention to the fact that, in addition to 
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Fig. 1. Water Withdrawals and Consumptive Uses: Diversions and Depletions From 
Streams and Other Sources 


The letters represent: A, irrigation; B, municipal use; C, industrial use; D. steam 
electric-power cooling; E, total withdrawals and consumptive uses; and F, water sup- 
ply available. Except for the quantities consumed, the same water can be withdrawn 
and reused many times, provided its quality is maintained. The value 1,080.8 bgd on 
the ordinate is the average flow that can be sustained under 1954 conditions. This is 
the maximum low flow before depletion from use but after estimated evaporation losses 
from added reservoir capacity. The bracketed portion of the “water supply available” 
bars for the years 1980 and 2000 represents the increase after 1954 in onsite deple- 
tions by additional swamps and wetlands for fish and wildlife and by watershed im- 
provement programs. Onsite depletions are not shown for 1954 because they have 
already been subtracted from average flow. 
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water for consumptive uses and deple- 
tions, tremendous quantities of water 
will be needed in our flowing streams 
for other purposes. These include: 
hydroelectric-power production, navi- 
gation, recreation, fish habitat, and 
pollution abatement, or water quality 
management. 
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The estimates of the flow require- 
ments for these purposes, prepared by 
the committee, are shown in Fig. 2.*? 
The assumption was made that if water 
requirements for navigation are met, 
and if water of adequate quality for 
fish life is maintained, the needs for 
recreation will be met. The figure 
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Fig. 2. Streamflow Uses 


The letters represent: A, hydroelectric power; B, navigation; C, sport fish habitat; 
and D, pollution abatement. The value 1,080.8 bgd on the ordinate represents the 
average flow that can be sustained under 1954 conditions. This is the maximum 
low flow before depletion from use but after estimated evaporation losses from added 
reservoir capacity. No amount has been shown for 1954 pollution abatement, because 
there were no standards for that year. 
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shows most significantly the needs for 
additional flows to maintain the water 
quality of our streams. Even with 
the ultimate in sewage treatment facili- 
ties, it is a fact that a certain amount 
of water will be required for dilution 
of the effluent. Thus, as the nation’s 
population and industry grow, there 
will be need not only for increasing 
sewage treatment expenditures, but 
also for increasing the availability of 
water for dilution. No bar is shown 
for the dilution requirements for pol- 
lution abatement in the base year of 
1954 because there are no current 
standards. And it is a sad fact that 
many of our streams are now polluted 
far more than they should be; in other 
words, there is a lack of both treat- 
ment facilities and water for dilution 
in many parts of the United States. 

The quantities of water shown in 
Fig. 2 as being required for pollution 
abatement in 1980 and 2000 are based 


on provision of water of average qual- 
ity sufficient to sustain fish life and 
propagation, water with about 4 ppm 


of dissolved oxygen. It is also as- 
sumed that the desired quality will be 
achieved by the cheapest combination 
of waste treatment facilities and stor- 
age reservoirs to provide sustained 
flows for dilution of effluent. The 
committee adopted this high standard 
for water quality in our streams be- 
cause it believes that, with the in- 
creasing use of our waterways for 
recreation, the public will demand 
them. 

The committee accepted the require- 
ments for water quality management 
as being controlling, even though 
larger amounts of water are shown 
to be needed for hydroelectric-power 
generation. With the construction of 
the needed reservoirs, there will be 
many more opportunities to develop 
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hydroelectric power in the future, and 
I expect a continued increase in 
hydroelectric-power installations. As 
there are other sources of electrical 
energy, however, the needs for hydro- 
power generation were not assumed to 
be a controlling demand for water. 

Figure 3 shows how well we can 
meet our water requirements in 1980 
and 2000 in each of the various river 
basins and water resources regions of 
the nation.* The figure shows that 
our water resources are not uniformly 
distributed with respect to demand and 
that full development of all of the avail- 
able resources will be needed before 
1980 in the five regions shown nearest 
the bottom of the scale. These are the 
South Pacific Region, or southern Cali- 
fornia, where, as a matter of fact, they 
have already run out of water and 
have to import water from other 
basins; the Upper Rio Grande and 
Pecos River basins; the Colorado 
River Basin; the Upper Missouri Re- 
gion; and the Great Basin of Utah 
and Nevada. By the year 2000, full 
development will be needed in three 
other regions. The figure shows 
clearly the need for proceeding with 
comprehensive development of the 
water resources of these areas with 
the greatest possible speed, consistent 
with economic feasibility. 


Water Quality Management 


Now, as the studies of the select 
committee show, our primary problem 
of the future in the other regions which 
make up the larger part of the United 
States will be that of water quality 
management. There is just no way 
around it. We will have to devote 
more and more of our streamflow re- 
sources in this country to carrying 
away pollution, and that is why, in the 
present session of the Congress, we 
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are going to take action which will 
provide for a new vigor in our federal 
streamflow pollution 
abatement. To this end, I am actively 
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promoting legislation in the Congress 
during 1961 to tackle the problem head 


My proposal, which was intro- 


Lower Missouri River 


Tennessee River 


Lower Arkansas-White-Red Rivers 


Cumberland River 


Ohio River 
| 


New England 
Southeast 


Pacific Northwest 


Lower Mississippi River 


Chesapeake Bay 


Upper Mississipp: 


Eastern Great Lakes 


| 


Delaware & Hudson Rivers 


Central Pacific 


Western Gulf 


Upper Arkansas-Red Rivers 


Western Great Lakes 


Great Basin 


Upper Missouri River 


3 2 


108 06 0. 


4 


0.2 
Ratio of Water Supply to Projected Water Demand — Minimum Storage Program 
(Logarithmic Scale) 


0.1 0.06 0.04 


>| Colorado 
a Upper Rio Grande & Pecos Rivers 
LL 
J South 
Pacific 


0.02 


duced as Senate Bill 120, not only 


0.01 


Pig. 3. Ratio of Maximum Obtainable Supply to Minimum Flow Requirement for 


the Years 1980 and 2000 
Open bars represent the year 1980; striped bars, the year 2000. 


EE 
| 
| 
| | | | 
| | | | 
| | | | 
| | | a | 
a 
| 
| | 
| | 


would increase federal support for 
the construction of sewage treatment 
plants, but would also authorize a 
much more intensive program of re- 
search and development of new meth- 
ods of treating sewage, and would call 
for attention to be given to the needs 
for low-flow regulation in connection 
with all federal reservoir projects. 

We must face up to the fact that in 
the future a great many, if not most, 
of the water needs of the nation are 
going to have to be met with reused 
water. Americans will be drinking, 
cooking with, bathing in, and other- 
wise using second-hand or third-hand 
water. This means we will have to 
use our water and purify it not once 
or twice but perhaps three or four 
times. 

With respect to low-flow regulation, 
my bill would authorize the US Public 
Health Service and other federal agen- 
cies to make a survey of the storage 
capacity needed in any multiple- 
purpose reservoir to impound the 
water needed for future low-flow re- 
quirements. It would also direct the 
agency planning to construct the reser- 
voir to give effect to the economic 
value of the storage capacity for this 
purpose in reporting on the cost-benefit 
ratio of the proposed project. 

Providing water for low-flow regu- 
lation purposes would not be in lieu 
of other pollution abatement measures 
but would be in addition to them, and 
to enhance their value so that the over- 
all job could be efficiently accomplished. 

The House of Representatives has 
already passed a bill increasing the 
construction grants for sewage treat- 
ment plants, and it is being considered, 
along with my proposals, by the Sen- 
ate. I am confident that there will be 
affirmative action on this legislation in 
the present session of Congress. 
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Committee Recommendations 


The select committee made certain 
recommendations which deserve re- 
peating here: 

1. The federal government, in co- 
operation with the states, should pre- 
pare and keep up to date plans for 
comprehensive water development and 
management for all major river basins 
in the United States, taking into ac- 
count prospective demands for all pur- 
poses served through water develop- 
ment and giving full recognition to the 
nonrevenue-yielding purposes such as 
streamflow regulation, outdoor recre- 
ation, and the preservation and propa- 
gation of fish and wildlife. 

2. The federal government should 
institute a program of matching fed- 
eral grants to the states to assist them 
in their water resources planning ac- 
tivities. I have introduced a bill to 
accomplish this. 

3. The federal government should 
undertake a coordinated, scientific re- 
search program on water. Our exist- 
ing programs are good, but they need 
to be better organized in order to get 
the answers we need sooner. The pro- 
visions on pollution abatement research 
are just one part of this. In addition, 
new legislation is needed for saline- 
water conversion, weather modifica- 
tion, and many other new methods to 
improve our use of present water re- 
sources and make new resources avail- 
able to meet the soaring needs of the 
future. 

4. The federal government should 
periodically review the supply-demand 
situation in the various river basins so 
that we can keep our planning well 
ahead of our needs. 

The committee also made a number 
of recommendations on subjects such 
as regulation of flood-plain use, in- 
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creased study of areas of emerging 
acute water problems, studies of the 
needs for reserving the sites for 
major storage reservoirs to achieve 
the river control that will be needed, 
and additional public hearings in con- 
nection with federal water resources 
undertakings. 

A number of these recommendations 
have already been proposed by the 
administration. With the action that 
is being taken by the President, and 
with the legislation that is already 
under consideration in the Congress, 
the year 1961 gives promise of being 
the best year for the future of water 
resources in this country that we have 
had for a long time. 

As chairman of the Senate Conimit- 
tee on Aeronautical and Space Sci- 
ences, I have recently been brought 
face to face with the problems caused 
by the long lead time required for de- 
velopment of space vehicles. Lack of 
this lead time is now costing us dearly 
in our efforts to match Soviet Russian 
exploits. The problems of lead time 
are also with us in respect to our wa- 
ter resources problems. We must re- 
double our efforts now if the necessary 
actions in the water resources field 
are to be completed in advance of the 
needs. 


Need for Aggressive Action 


We are surrounded by evidences of 
the compelling necessity for more vig- 
orous and aggressive action. Recently, 
I saw a UPI story from Marion, Ind., 
a city of 38,000 people. Workmen 
labored through a holiday to complete 
new wells to end a water crisis. Fac- 
tories and schools were ordered to re- 
main closed for a day to conserve 
water. The shortage had developed 
the previous week when, without no- 
tice, the city’s wells began running 
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dry, leaving the city virtually without 
water. 

I was appalled recently to learn of 
the report from USPHS that, for the 
first 20 weeks of 1961, there were 
more than 35,000 cases of hepatitis 
reported in the nation. In metropoli- 
tan areas everywhere, the total cases 
soared to more than twice the number 
for the same period in 1960. This 
deadly disease is very tricky to handle 
because there is no known cure yet. 
In fact, I am advised that no scientist 
has ever seen the elusive virus which 
causes the disease, yet we know that 
it is a fearful offspring of polluted, 
filthy drinking water. 

Another strong stimulant to more 
speedy action is the ominous threat of 
drought. Time magazine of May 26, 
1961, had an article headed “The 
West—Dying of Thirst.” It reminded 
us that, while much of the nation was 
suffering from floods, disaster from 
drought is building up in vast areas of 
the Great West. The governor of one 
state declared, “Our whole state is a 
disaster area.” The danger of fire 
perils vast areas, both forest and urban. 
The governor of another state said, 
“If you haven’t got water, you haven’t 
got anything.” 

Weather technicians and scientists 
repeatedly warned our select commit- 
tee that droughts are recurring. These 
experts established a basis for their 
predictions that the late 1960’s or early 
1970’s would probably see drought 
more widespread and acute than that 
of either the 1930’s or 1950’s. These 
facts are somber and constitute a stern 
warning, yet they need not be the basis 
for gloom. To be forewarned is to be 
forearmed. 

We are the largest, most powerful 
nation on the earth. We have an 
abundance of water for our needs 
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today and for the foreseeable future. 
But we must use the lead time available 
to us to clean up and bring an end to 
the pollution of this precious liquid 
of life. We must increase the means 
of conserving and storing our water 
to prevent the increasing damage of 
uncontrolled flood waters and have 
the abundant water supplies available 
as needed. We must advance the sci- 
ence and techniques of conservation 
to insure that abundance of useable 
water. 

Thus we can march triumphantly 
into the “golden sixties” and the “soar- 
ing seventies.” We can press forward 
into a fabulous future unparalleled in 
dynamic growth and peaceful progress 
for our country. You AWWA mem- 
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bers are part and parcel of this effort. 
Your brains, experience, and leader- 
ship can insure success for your own 
areas and for our country. I salute 


you, hydronauts of the sixties, as you 
successfully strive to construct a more 
powerful and triumphant nation. 


References 


1. US Senate Select Committee on National 
Water Resources, Report 29. US Govt. 
Printing Office, Washington, D.C. 
(Jan. 30, 1961). 

2. Summary Report of Senate Select Com- 
mittee on National Water Resources. 
Jour. AWWA, 53:371 (Apr. 1961). 

3. Water Resources Activities in the United 
States. US Senate Select Committee 
on National Water Resources, Commit- 
tee Print 32. US Govt. Printing Office, 
Washington, D.C. (Aug. 1960). p. 127. 


= 
2 
= 
le 
4 
i: 
> 
f 
“A 
4 
= 
; 
vi 


Progress in Saline-Water Conversion 
Task Group Report 


A report of Task Group 2770 P—Saline Water Conversion, submitted 
by Rolf Eliassen (Chairman), Prof. of San. Eng., Massachusetts Inst. 


of Technology, Cambridge, Mass. 


Other members of the committee 


are J. D. Bakken, A. Cywin, L. S. Finch, W. E. Katz, L. Koenig, 


R its first effort, the task group 

has sought to clarify the issue of 
greatest present significance to the 
members of AWWA—the utilization 
of the vast underground reservoirs of 
brackish waters in North America. 
Subsequent reports will concern them- 
selves with the conversion of sea water 
to potable water. 


Summary 


This report discusses the principles, 
economics, and future applicability of 
some of the desalinization or demin- 
eralization processes currently being 
used or investigated, including distilla- 
tion, electrodialysis, freezing, and solar 
energy. The present status of dem- 
onstration plants and the need for fur- 
ther installations of this nature are 
discussed. 

The extent of brackish-water areas 
in the United States and Canada has 
been surveyed by the committee. Of 
20,215 municipal water utilities in 50 
states and five provinces, 1,066 had 
raw water with total dissolved solids 
of 1,000-3,000 ppm, and 31 had water 
with total dissolved solids in the range 
of 3,000-10,000 ppm. These values 
define the principal markets for desalin- 
ization and involve the southwestern 
and north-central parts of the United 
States, the Gulf of Mexico and Florida 


F, A. Loebel, R. W. Morse, and E. H. Sieveka. 


1091 


coasts, and the prairie provinces of 
Canada. 

The task group emphasizes that on 
one hand, the premium that communi- 
ties are willing to pay for good stored 
water transmitted over long distances 
will gradually diminish as familiarity 
with the use of demineralized brackish 
water becomes more general. On the 
other hand, the task group warns that 
saline-water conversion is not the only 
answer to all hopes for adequate water 
supplies in the future. Research and 
development must continue on a broad 
scale in many other directions, includ- 
ing conservation in agricultural, mu- 
nicipal, and industrial uses of water, 
the reclamation and reuse of existing 
water sources, and the search for new 
sources. 


Survey of Brackish Waters 


A questionnaire survey has been 
made of the 50 states and ten Canadian 
provinces to determine the present 
extent of public brackish raw-water 
sources as well as the opinions of 
design review agencies regarding 
brackish-water treatment. All of the 
states and five of the provinces re- 
sponded to the questionnaire. 

The terms “saline” and “brackish” 
are being used somewhat interchange- 
ably at present. USGS has adopted 
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a rating system for waters having total 
solids contents of 1,000-35,000 ppm or 
more in an attempt to establish an 
acceptable classification for highly min- 
eralized waters. The first two ratings 


of 1,000-3,000 ppm and 3,000-10,000 


TABLE 1 


Brackish Municipal Water Supplies in 
the United States 


| 
Brackish Water Supplies 


Total 

Number | 900-3,000| 3,000-10,000 
ppm total | ppm total 

dissolved dissolved 
solids solids 


Supplies 


Alabama 
Alaska 
Arizona 
Arkansas 
California 


Colorado 
Connecticut 
Delaware 
Florida 


Georgia 
Hawaii 
Idaho 
Illinois 
Indiana 
Iowa 
Kansas 
Kentucky 
Louisiana 
aine 
Maryland 
Massachusetts 
Michigan 
Minnesota 
Mississippi 
Missouri 
Montana 
Nebraska 
Nevada 
New Hampshire 
New Jersey 
New Mexico 
New York 
North Carolina 
North Dakota 
Ohio 
Oklahoma 
Oregon 
Pennsylvania 
Rhode Island 
South Carolina 
South Dakota 
Tennessee 
Texas 
Utah 
Vermont 
Virginia 
Washington 
West Virginia 
Wisconsin 
Wyoming 


* All water utility sources. 
Only one or more of the water utility sources. 
Municipal. 
Housing subdivisions and trailer parks. 

|| Serving 1,737 communities, 
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ppm are felt to include the water 
sources that should be termed slightly 
and moderately brackish-water sup- 
plies. Those brackish-water sources 
are being used at the present time by 
municipalities and industry, and will 
more than likely have to be used to a 
greater extent in the future. 

From the strict standpoint of con- 
ventional chemical quality as measured 
by the total solids analysis and other 
common determinations such as total 
hardness and alkalinity, much of the 
United States and Canada is presently 
blessed with ample nonbrackish surface 
and ground water sources. Table 1 
contains a summary of municipal water 
utilities having raw-water sources with 
total solids contents in excess of 1,000 
ppm, as compared to the total number 
of water utilities in the United States. 
Table 2 is the same for Canada. 

Twenty-nine of the 50 states—22 
east of the Mississippi River—and 
four of the five reporting Canadian 
provinces reported that all, or virtually 
all, of their raw water sources had total 
solids contents of less than 1,000 ppm. 
Five states—Colorado, Kansas, Michi- 
gan, Missouri, and Ohio—listed 3-7 
per cent of their municipal public 
raw-water sources as brackish but did 
not foresee any pressing need for 
brackish-water conversion in the im- 
mediate future. State health agency 
comments indicated that the water 
sources were only slightly in excess 
of 1,000 ppm total solids and that 
adequate water quality was, or could 
be, provided by present conventional 
treatment processes. 

Seven states—Alaska, Florida, IIli- 
nois, Indiana, Louisiana, Texas, and 
Wyoming—indicated that their brack- 
ish-water supplies, 0-7 per cent of all 
supplies, did not constitute a general 
problem for the foreseeable future. 
These states did, however, briefly de- 
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scribe some local water supply prob- 
lems of special interest to this discus- 
sion. Freeport, Tex., is the site of the 
US Department of the Interior Office 
of Saline Water (OSW) gulf coast 
demonstration plant for sea water con- 
version. Texas was unique among the 
states involved in the OSW demon- 
stration plant program in that it had 
applicants for both the gulf coast sea 
water conversion plant and the south- 
west brackish-water conversion plant. 

Brackish-water problems of signifi- 
cant interest are, or should be, of 
major concern in two areas, the north- 
ern Great Plains and the Southwest. 
The states of Minnesota, Iowa, North 
Dakota, South Dakota, and Montana, 
and the province of Saskatchewan 
comprise the northern Great Plains 
area; Oklahoma, New Mexico, Ari- 
zona, and California are the states in 
the Southwest. Expressed as total 
number of brackish raw-water sup- 
plies, South Dakota, Iowa, Arizona, 
North Dakota, and California pres- 
ently have the most serious need for 
brackish water conversion. Expressed 
as the percentage of brackish raw- 
water supplies compared to the total 
number of public supplies, the order 
of significance is South Dakota, North 
Dakota, Saskatchewan, Arizona, and 
Iowa. Both of these areas are depend- 
ent on ground water sources for much 
of their public supply. The one bright 
note is that virtually all the larger 
cities in these areas presently have 
water of satisfactory chemical quality. 

Brackish-water problems have been 
recognized by those concerned in Iowa, 
Minnesota, and Oklahoma; however, 
there have been no significant devel- 
opments to date. The Montana Board 
of Health listed an_ electrodialysis 
brackish-water treatment plant at 
Havre Air Force Base as the only 


SALINE-WATER CONVERSION 


1093 


recent development in the state. 
North Dakota had four applicants for 
consideration as the site of the OSW 
northern Great Plains electrodialysis 
demonstration brackish-water  treat- 
ment plant. 

Arizona, with over 28 per cent of 
its municipal water utilities using 
brackish sources, is very interested in 
developments in the field of brackish- 
water conversion. Safford, Ariz., was 
one of the applicants for the OSW 
Southwest demonstration brackish- 
water treatment plant. 

New Mexico had eleven applicants 
for the OSW Southwest demonstra- 
tion conversion plant. Roswell, N.M., 


TABLE 2 


Brackish Municipal Water Supplies in 
Five Provinces of Canada 


Brackish Water Supplies 
Total 
Province Supplies | 1,000-3,000) 3,000-10,000 
ppm total | ppm total 
dissolved dissolved 
soids solids 
British Columbia 281 0 0 
Manitoba 41 4 0 
Newfoundland 29 0 0 
Nova Scotia 44 0 0 
Saskatchewan 80 32 1 


was chosen as the site for the South- 
west plant, which will use the vapor 
compression process for conversion of 
brackish well water having 2,400 ppm 
of salinity. 

Saskatchewan municipalities are lim- 
ited by law as to the amount that may 
be spent for utility capital improve- 
ments. Thus, they have so far been 
unable to take brackish-water conver- 
sion under serious consideration. The 
Provincial Dept. of Public Health re- 
ported that money from provincial 
funds may be available in the next 
year or two to purchase an electro- 
dialysis brackish-water conversion plant 
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for research and development on a 
municipal water supply. 

The California Board of Public 
Health adopted an “Interim Policy on 
Mineral Quality of Drinking Water” 
on Sep. 4, 1959, and has requested its 
bureau of sanitary engineering to carry 
out investigations to establish a perma- 
nent policy. The interim policy states, 
“Water supply permits may be issued 
for drinking and culinary purposes 
only when the USPHS drinking water 
standards of 1946 and the State Board 
of Public Health policy on fluorides 
are fully met.” Temporary permits 
may be issued at present to water utili- 
ties whose raw-water sources do not 
exceed 1,500 ppm total solids or do 
not contain more than 600 ppm sulfate, 
600 ppm chloride, or 150 ppm magne- 
sium. Coalinga was the first munici- 
pality in this country to construct and 
operate an electrodialysis brackish- 
water treatment plant, and other Cali- 
fornia communities may scon follow 
to comply with the board of public 
health policy decision. 

South Dakota has had a wide variety 
of experiences with brackish-water 
conversion, culminating to date in the 
selection of Webster as the site for the 
OSW northern Great Plains demon- 
stration treatment plant for brackish 
water. Twenty cities and towns in 
the area applied for consideration as 
the plant site, eleven of them in South 
Dakota. Three South Dakota com- 
munities were among the final six 
considered by the US Department of 
the Interior Site Selection Committee, 
and Webster was finally chosen as the 
site for a 250,000-gpd electrodialysis 
demonstration plant. The plant is 
presently under construction. 

South Dakota interest in brackish- 
water conversion was first stimulated 
by an OSW electrodialysis test unit 
operated on a brackish-water well in 
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the city of Miller during the summer 
of 1955. In the summer of 1959, an 
electrodialysis water treatment plant 
was installed on a deep-well brackish 
source at the Gettysburg Air Force 
Station. Two South Dakota cities 
have met with a brackish-water con- 
version manufacturer, and two addi- 
tional communities have included 
brackish-water conversion in a prelimi- 
nary engineering study of future water 
utility needs. Electrodialysis water 
treatment plants are also being speci- 
fied for deep-well waters at three Titan 
missile sites now under construction in 
South Dakota. 

State and provincial health agency 
promotion, consideration, review, and 
approval of brackish-water conversion 
proposals for public water supplies 
will be similar to the present policies 
regarding conventional water treat- 
ment processes. This was evident 
from the questionnaire replies. Opera- 
tion and maintenance data from exist- 
ing brackish-water conversion plants 
should be carefully evaluated by those 
responsible, and then widely publicized 
in the technical literature. The com- 
mittee recommends that all published 
operation and maintenance reports in- 
clude complete raw- and treated-water 
analyses and a compilation of cost 
data on a uniform basis like OSW 
procedure. 

The development of the above dis- 
cussion and compilation was made 
possible by the excellent cooperation 
of state and provincial health agen- 
cies. Their assistance is gratefully 
acknowledged. 


Distillation of Brackish Water 


The use of distillation to purify 
brackish-water supplies has been 
largely limited to relatively small units 
in outlying arid areas of the world. 
The largest is a 200,000-gpd vapor 
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compression plant at Dhahran, Saudi 
Arabia, which has been operating since 
1955 on softened well water with about 
2,700 ppm total dissolved _ solids. 
These vapor compression applications 
have had the distinction of high fuel 
economy, with diesel engine drive, up 
to 300 Ib of water per pound of fuel. 
With most brackish waters, it is pos- 
sible to maintain this economy by pre- 
treating the feedwater to prevent scale. 
The resultant conversion cost of $1.50- 
$2.00 per 1,000 gal has been attractive 
where other means of supplying water 
—by transport, for example—would be 
much more expensive. 

There are few, if any, distilling 
plants operating in the United States 
that could be called brackish-water 
plants, although any of the existing 
vapor compression water units in bot- 
tling works or pharmaceutical labora- 
tories would handle brackish water 
satisfactorily. This situation, how- 
ever, is changing. Population growth, 
continued drop in ground water levels, 
and degradation of existing supplies 
may make it necessary to consider 
using water sources that are unaccept- 
able unless the dissolved solids are 
reduced. 

It is generally conceded that $1 per 
1,000 gal is an attainable figure with 
evaporation processes. Considering 
the concentrations of moderately brack- 
ish waters below 5,000 ppm of salinity, 
it can be said that many of the brackish 
well and surface waters in the United 
States can be treated by evaporation 
at a substantially lower figure than $1 
per 1,000 gal in large plants. 

Some important factors to be con- 
sidered when comparing distillation of 
brackish waters with sea water are: 

1. With inland wells, there may be 
a brine disposal problem, and relatively 
small brine overflow is desirable. 
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2. With well, surface, estuary, or 
river water, the feedwater intake is 
usually much cheaper and simpler than 
with sea water. A feedwater intake 
on the open sea coast can be very 
expensive. 

3. The composition of brackish 
water varies widely as compared with 
sea water. 

4. The solids content of brackish 
water is lower than that of sea water. 
This is not such an important factor 
with a flash plant, but it results in a 
substantial decrease in cost of water 
distilled by vapor compression. 

5. Where appreciable solids content 
in the product is permissible, the dilu- 
tion of product with feedwater results 
in a substantial reduction in water cost. 

Taking the above factors into con- 
sideration, studies show that vapor 
compression appears to be one of the 
better evaporation processes feasible at 
present for inland applications where 
feed supply is limited. 

Some basic limitations in the 
multiple-effect submerged-tube process 
strongly suggest that this type will not 
be competitive for use in treating 
brackish waters. No comments are 
made here concerning the long-tube 
vertical type, as the evaluation of this 
process will depend on the results of 
the demonstration plant now being 
operated at Freeport, Tex. 

The cost of treating brackish water 
would be reduced if dilution were per- 
missible. The distillate from a prop- 
erly designed evaporator can be re- 
garded as containing substantially no 
dissolved solids. This purity involves 
no significant additional capital equip- 
ment or operating cost. Where higher 
solids can be tolerated in the product, 
there is an important cost reduction 
by blending the distillate with feed- 
water, or with water from another 
source or well. For example, with an 
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average feed of 2,000 ppm, and with 
500 ppm allowable in the final product, 
a basic cost of $1 per 1,000 gal would 
be reduced to 75 cents per 1,000 gal. 
Poorer water supplies might be used 
and the distillate blended off with fairly 
good supplies. In this regard, 4,000- 
ppm feed might be used and the dis- 
tillate blended with 1,000-ppm water, 
resulting in a cost of 50 cents per 
1,000 gal. 

The evaporation process, particu- 
larly vapor compression, should find 
important applications brackish- 
water areas in the United States for 
community use, especially where dilu- 
tion can be used to the fullest extent. 
As to cost, it can be expected that 
further developments will reduce the 
cost of converting brackish water by 
evaporation. Perhaps a cost of 70 
cents per 1,000 gal might be achieved, 
which would correspond to 35 cents 
per 1,000 gal with 1:1 dilution. This 
would be a noteworthy achievement. 
Distribution costs and other charges 
would have to be added if the existing 
distribution system is not used, but 
the total cost of perhaps 50 cents per 
1,000 gal might be justified for human 
consumption and some industrial uses. 


Membrane Processes 


Removal of excess dissolved salts 
and minerals from saline waters can 
be accomplished through a number of 
systems that use selective membranes. 
When ion-selective membranes are 
used in conjunction with electric cur- 
rent, the process is called “electrodialy- 
sis.” Ion-selective membranes can also 
be used in conjunction with chemical- 
driving forces like those available from 
strong brines in the “osmionic” proc- 
ess. Certain other membranes have 
the property of allowing the passage 
of liquid under high pressure while 
delaying the passage of salts and min- 
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erals. Such processes are usually 
called “osmotic” processes. 

Of the three types of membrane- 
dependent processes cited above, only 
the electrodialysis process has so far 
emerged from the laboratory and pilot 
plant stage to become a practical tool 
in saline water conversion. 

As of the end of 1960, commercial 
electrodialysis equipment having a ca- 
pacity in excess of 1.2 mgd was already 
in operation or under construction in 
over 60 locations throughout the world 
to supply the fresh-water needs of 
about 50,000 people and several indus- 
trial and military installations. 

The electrodialysis process uses d-c 
electricity to force migration of salts 
and minerals (in the form of posi- 
tively and negatively charged ions) 
through special plastic membranes into 
a waste brine which is discarded (Fig. 
1). The total area of membranes and 
the quantity of electricity required de- 
pend on the total concentration of the 
salts removed. Accordingly, the cost 
of this process depends on the level of 
salinity of the water to be treated. In 
its present stage of development, elec- 
trodialysis appears to be by far the 
most economical method of removing 
salts and minerals from _ so-called 
brackish waters containing 1,000—5,000 
ppm total dissolved solids. The proc- 
ess is also useful for higher concen- 
trations, but above 5,000 ppm, the 
economic comparison with other proc- 
esses such as distillation becomes 
closer. 

The prospect for increasing use of 
electrodialysis in solving saline-water 
problems is tied closely to the avail- 
ability of brackish waters in the areas 
to be served. Fortunately, large areas 
of arid and semiarid land in the United 
States and many foreign countries are 
underlain by brackish ground water 
resources of significant size. In addi- 
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tion to the areas of North America, 
there are many brackish-water supplies 
among the islands of the Caribbean; 
in most of the North African, West 
African, and Middle Eastern areas; in 
parts of India, Pakistan, and Iran; and 
in significant parts of South America, 
Australia, and South Africa. 

The conversion of brackish water by 
electrodialysis should be of immediate 
interest and usefulness to the water 
supply field for these reasons: 
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Of direct significance for municipal 
utilities in the United States, three 
projects are worthy of special men- 
tion. The nation’s first municipal de- 
salting plant was built in Coalinga, 
Calif., and has been in continuous and 
successful operation for more than 2 
years. This plant, which supplies 
fresh water to the second branch of 
a dual piping system for culinary and 
drinking purposes, has a capacity of 
only 28,000 gpd, and its water is dis- 
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1. Costs are low enough to be con- 
sidered for practical full-flow or sup- 
plemental municipal supplies in cer- 
tain situations. 

2. Brackish water is available from 
wells without prohibitive transmission 
costs to many critically water-short 
areas. 

3. Brackish water from wells gen- 
erally contains negligible quantities of 
organic and biological contamination, 
compared with sea water or surface 
waters. 


Fig. 1. Ion and Water Flow in Electric Membrane Stack 


Membranes marked C are cation membranes; those marked A are anion membranes. 
The sodium and chlorine ions represented could be any cations and anions. 
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tributed among 2,000 water customers, 
a total of 6,000 people. Its relatively 
high cost of $1.43 per 1,000 gal has 
been widely publicized, but it is due 
primarily to the small size of the in- 
stallation. It has been estimated that 
a 2-mgd plant at Coalinga would pro- 
duce water at 40 cents per 1,000 gal, 
reducing water of 2,000 ppm to 500 
ppm total dissolved solids. The Co- 
alinga unit is extremely profitable for 
the city, which previously was paying 
over $7.00 per 1,000 gal for water 
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hauled in by tank car. Its major sig- 
nificance is the proof that a small 
community without extensive technical 
facilities or technically trained person- 
nel can successfully operate electro- 
dialysis units, and that the water pro- 
duced is an acceptable product for 
critical culinary and drinking purposes. 

During 1960, OSW let a contract 
for a 250,000-gpd electrodialysis unit 
at Webster, S.D., as a part of its dem- 
onstration program. The water to be 
treated contains 2.4 ppm of iron and 
manganese combined, approximately 
1,800 ppm total dissolved solids, and a 
high percentage of hardness. OSW 
has calculated that the performance 
claimed by the successful bidder, if 
achieved in practice, would yield a total 
water cost of about 80-90 cents per 
1,000 gal. The major factors leading 


to this cost at Webster include the 
presence of iron and manganese in 
addition to high solids, the high hard- 


ness ratio, the low temperature of the 
feedwater, the small size of the plant, 
and the separate building and instru- 
mentation provided in the plant. 

On a larger scale, such as 1-10 mgd, 
the production of fresh water by apply- 
ing electrodialysis to brackish waters 
in the 1,000-5,000-ppm range should 
cost 30-60 cents per 1,000 gal under 
reasonably favorable conditions, and 
possibly less, as this process is under- 
going rapid technological improvement. 
Only slightly higher costs should pre- 
vail for plants of as little as a few hun- 
dred thousand gallons capacity. 

The state of the art of saline-water 
conversion by electrodialysis may be 
likened to the electric-power industry, 
which has seen its residential costs 
drop from 6.5 cents to 2.5 cents per 
kilowatt-hour in the past 30 years as 
power generation equipment has be- 
come more efficient. Going back fur- 
ther to Edison’s day, it took 10 Ib of 
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coal to generate 1 kwhr of electricity ; 
now it takes less than 1 lb. The water 
demineralization business may, so to 
speak, be back in Edison’s day. A 
long road of technological improve- 
ments and subsequent cost reductions 
lies ahead; there is much hope for 
more economical water from brackish 
sources. 


Freezing Processes 


The demineralization of saline water 
by freezing is based on the well known 
observation that ice frozen from salt 
solution, if washed free of salt and 
then melted, is fresh water. Funda- 
mentally, the conversion of sea water 
by freezing, like evaporation, involves 
the formation of fresh water by the 
application of suitable heat transfer 
processes. Freezing and evaporation, 
however, are otherwise dissimilar. 
Ice formed by freezing remains in 
intimate contact with saline liquor, 
whereas vapor produced by evapora- 
tion is recovered in the pure state by 
condensation. Aside from the difficult 
problem of separating ice from brine 
and the disadvantages of handling a 
solid phase, the freezing method offers 
advantages worthy of consideration. 
First, freezing has the natural advan- 
tage of an inherently low energy re- 
quirement; second, it may be accom- 
plished at or near atmospheric pres- 
sure, and at low temperatures which 
minimize scaling and corrosion; and 
finally, the process is basically simple, 
requiring for the most part low-cost 
construction materials and equipment 
of modest size, indicating a potentially 
low-cost operation. 

One of the major problems associ- 
ated with the development of the freez- 
ing method is the separation of ice 
from the brine. Because the brine is 
strongly held within the interstices of 
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the ice crystals, considerable washing 
is required to effect separation. Re- 
cently the problem has been resolved 
in part by the development of more 
efficient wash-separation techniques. 
Among the more promising approaches 
in this connection are counter-current 
washing, involving hydraulic piston ac- 
tion and flooded percolation of the ice 
bed, and the technique of controlled 
crystallization in which the size of ice 
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3). The first freezing saline-water 
conversion pilot plant of any appreci- 
able size was constructed as a 15,000- 
gpd pilot plant at Harbor Island, 
Wrightsville Beach, N.C. This is cur- 
rently under test to prove the method 
on actual sea water. 

In this method, sea water is intro- 
duced into a high-vacuum chamber 
and flash cooled to a temperature low 
enough to produce ice crystals. The 
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crystals is increased to facilitate re- 
moval of salt. These methods, to- 
gether with multistage washing in 
which saline liquor is first displaced 
by solutions of progressively lower salt 
concentrations and finally by pure 
water, are currently being investigated. 

There are at present two leading 
techniques for economically producing 
sea water ice: freeze evaporation and 
direct refrigerant cooling (Fig. 2 and 


35 °F Sea Water From Heat Exchanger 


Fig. 2. Freeze-Evaporation Process 


Flow diagram shows that both ice crystals and water vapor produced in spray freezer 
are sources of desalinized water. 


water vapor is an additional source of 
desalinized water and is either me- 
chanically compressed for condensa- 
tion or handled by an absorption unit. 

In the other leading freezing proc- 
ess, a refrigerant such as isobutane is 
introduced directly into the brine, thus 
freezing some of the solution into ice 
crystals. The use of a direct refrig- 
erant greatly reduces the size of com- 
pressor needed as compared to the 
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other cycle, but adds the complication 
of handling a second fluid with little 
or no loss allowed. A pilot plant of 
35,000 gpd was recently completed 
near St. Petersburg, Fla., for direct 
testing of sea water. 

Although the development of freez- 
ing processes is not far enough along 
to make firm cost estimates, it appears 
that either of these two methods shows 
promise for producing demineralized 


water at $0.50-$1.00 per 1,000 gal in 
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Solar Distillation 


Solar distillation is basically simple 
in principle. Historically, it is an old 
art. A frequently mentioned applica- 
tion is the 50,000 sq ft solar still built 
in Chile in the 1870’s to supply water 
for a mining camp. Like many other 
conversion methods, however, basic 
improvements and fundamental analy- 
sis of the process with the reduction 
of operation costs in view have only 
recently been considered. 
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Fig. 3. Direct-Refrigerant Freezing Process 


Refrigerant, such as isobutane, is introduced directly into the brine, freezing some of 
the solution into crystals. 


plants of very large size and for sea 
water. Brackish-water demineraliza- 
tion should be slightly less expensive, 
as ice separation requirements are 
lower. 

A demonstration plant to be located 
at Wrightsville Beach, N.C., which 
uses one or another of the above vari- 
ations, will be a true pilot plant de- 
signed to advance a freezing process 
to its commercial prototype phase. 
Design will start this spring. 


Some of the advantages of the proc- 
ess are: (1) the need for an outside 
energy source is eliminated, thus mak- 
ing the process attractive in areas 
where fuels are unavailable or expen- 
sive; (2) materials used for construc- 
tion are ordinary building supplies 
rather than elaborate mechanical or 
process apparatus; and (3) units are 
of comparatively simple design, involv- 
ing no moving parts. Scale-up from 
small to large units is readily made 
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because it normally involves only mul- 
tiples of a basic unit; (4) construction 
can be made by comparatively un- 
skilled labor as compared to some of 
the more complicated conversion 
equipment; (5) solar stills require a 
minimum of water pretreatment. The 
product is of high quality, and (6) 
scale formation is not a problem in 
solar stills, as the water absorbs the 
heat directly from the solar radiation 
without the usual transfer through a 
metal barrier. 

Factors unfavorable to the process 
include: (1) the diffuse nature of solar 
energy imposes stringent limitations 
on the capital costs that can be ex- 
pended in collecting the solar radiation 
falling on a given area, (2) capital 
charges are increased by the unavaila- 
bility of solar radiation at night, (3) 
large land areas are required to obtain 
reasonable quantities of water, (4) 
greater damage may result from wind 
and hail storms than with other proc- 
esses, and (5) solar energy availability 
limits its application to certain areas. 

Applications for solar stills have 
greatest promise in areas of high aver- 
age solar intensity where other energy 
sources are unavailable and fuel is ex- 
pensive. Both large and small units 
are adaptable to these areas. The 
small units, however, also have favor- 
able possibilities for use in the lower- 
cost fuel areas, where they may have 
advantages in certain applications. The 
process is well adapted to individ- 
ual, household, and small commercial 
plants. Because of area requirements, 
multimillion-gallon-per-day plants do 
not appear probable, but plants of 
100,000 gpd appear to be reasonable. 

Production units are at present lim- 
ited in number and restricted to those 
of very small capacity. Several small 
production units are in operation in 
Australia and North Africa, Technol- 
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ogy has advanced so that such produc- 
tion units can be effectively constructed 
today, but the cost of the units is still 
a limiting factor. Present operating 
conditions are such that with solar 
radiation of 2,000-2,600 Btu/sq ft/day 
water production of 0.1-0.15 gpd/sq ft 
is to be expected. This yield represents 
about 50 per cent efficiency in the con- 
version of solar radiation to heat for 
water distillation. As a convenient 
rule-of-thumb figure, 0.1 gpd/sq ft, or 
about 5,000 gal/acre/day may be used 
as a measure of the yield to be expected. 

Primary interest today is therefore 
in the research and development work 
directed toward more economical solar 
stills. Reductions in the cost of solar 
distillation are being achieved through 
two approaches, designing the units so 
as to achieve maximum efficiency in 
the use of the solar radiation, and ob- 
taining the lowest possible construction 
costs. Improvement in stills involves 
both a study of materials and the phys- 
ical design of the units. In the still 
design studies many individual devel- 
opments have contributed to progress. 
Detailed heat balances and thermal 
analysis have provided a basis for de- 
sign improvements. The deep-basin 
still has been introduced to eliminate 
the need for the ground insulation re- 
quired in shallow-basin stills; tilted 
and envelope designs have been intro- 
duced to take advantage of the larger 
percentage of incident solar radiation 
intercepted and to eliminate insulation 
requirements. Forced circulation as 
opposed to natural circulation has been 
proposed and tested, and it has been 
found that a larger percentage of the 
solar radiation can be utilized through 
this technique. Designs with plastic 
construction, using low air pressure to 
inflate the stills and eliminate other 
structural supports, have been built 
and are now being tested. Multiple- 
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effect solar stills have been built and 
operated on a laboratory scale for the 
purpose of reusing the solar heat in 
successive stages. To date, however, 
this system has not shown cost advan- 
tages over the simple still. Early in 
this laboratory work, economic analy- 
sis was made of the operation of con- 
ventional multiple-effect evaporation 
units using steam generated with solar 
energy collected by mirrors or reflec- 
tors. Costs were too high to be com- 
petitive with other methods. More 
recently, a similar analysis of a still 
using a solar-heated pond indicates 
greater promise than the previous ap- 
proach. Some consideration has been 
given to the storage of solar energy for 
possible night use of solar stills. In 
the materials field, plastic films for 
canopy construction, asphalt and plas- 
tic films for economical ground con- 
struction in the basin stills, and coat- 
ings for plastic films to produce wet- 
tability and ultraviolet reflectiveness 
have been investigated. 

Briefly, the results of these studies 
have indicated that both glass and 
plastic films have merits in solar still 
construction. The results with plas- 
tic films have been very promising, 
but the full potential of these films is 
yet to be determined. In the physical 
design of the units, present technology 
and economic analysis have indicated 
that the simple solar still has greater 
potential for ultimately reducing the 
cost of solar distillation than other ar- 
rangements. A simple solar still may 
be defined as one combining the solar 
heat absorber, evaporator, and con- 
denser as a single-effect integral unit 
like the greenhouse or tilted and en- 
velope type of still. This concept dif- 
fers from the multiple-effect solar still, 
the forced-circulation still with exter- 
nal condenser, and the system using 
mirrors or reflectors for conventional- 
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type distillation units. As already 
noted, however, designs other than the 
simple still, such as the solar pond and 
the forced-circulation concepts, have 
demonstrated promising potential, and 
future technology may well reveal 
merits for other designs. 

Estimated costs of solar distillation 
have been discussed in the various 
OSW technical reports and in other 
publications. Water produced by the 
small present-day units would un- 
doubtedly cost several dollars per 1,000 
gal. Cost predictions’ are difficult be- 
cause no large units have been built. 


Other Developments 


Aside from the above processes, for 
which pilot plants have been built and 
operated on natural saline waters, a 
number of other methods are in vari- 
ous stages of laboratory research and 
development. Additional work is 
needed on most of these methods to 
make an appraisal of their effectiveness 
in reducing the cost of saline water 
conversion. Of recent interest is the 
so-called hydrate process based on the 
formation of solid hydrates with vari- 
ous substances, particularly the hydro- 
carbons and their derivatives. This is 
a chemical process related to freezing 
in many respects. Further investiga- 
tions of the hydrate method are needed 
to determine fully what its potential 
may be. The solvent extraction and 
osmionic processes are in the advanced 
phases of laboratory research. These 
two methods are limited primarily to 
the treatment of brackish waters. 
With the osmionic method, which ob- 
tains its energy for salt removal en- 
tirely from a more concentrated brine, 
conditions must be favorable for pro- 
viding a concentrated brine source. 
Other methods currently under study 
include electrolytic regeneration of ion- 
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exchange resins, electrically induced 
adsorption on porous graphite elec- 
trodes, utilizing the mineral residues 
in waste brines, developing membranes 
for reverse osmosis, study of the be- 
havior of metals in sea water at high 
temperatures, and various methods for 
preventing scale formation in conver- 
sion units. Calcium sulfate scale has 
been of particular interest because of 
the difficulties normally encountered in 
its prevention. In the distillation 
processes, stabilization techniques using 
recirculation of sludge and softening 
by ion exchange using the waste brine 
as regenerant are under investigation 
for calcium sulfate scale prevention. 
In electrodialysis, studies are being 
made of calcium sulfate scale preven- 
tion using stabilizing additives like 
sodium hexametaphosphate to permit 
operation with supersaturated solutions. 


Economics and Logistics of Com- 
peting Supplies 


Increasing emphasis must be given 
to the economic evaluation of saline- 
water conversion with respect to its 
competing water supply processes. 
This evaluation is commonly made for 
all other engineering projects. The 
major competitor is conventional water 
supply, typically the impoundment of 
surface water or the tapping of ground 
water and the transportation of the 
raw water from the source to the point 
of treatment, and then distribution to 
the users. Saline-water conversion, 
typically from a local ground water 
source, would eliminate the impound- 
ment, the transmission, and possibly 
some of the treatment. Total costs of 
water should be estimated on a stand- 
ardized basis like that proposed by 
OSW * so that all economic factors will 
be taken into consideration. The cost of 
saline-water conversion in comparison 
with conventional supply is indicated 
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by the relation between saline-water 
conversion costs to the costs of im- 
poundment, transmission, and treat- 
ment of conventional supply, and these 
costs only. 

Stated briefly, the costs of impound- 
ment and transmission for large capa- 
bilities are so low that they constitute 
difficult competition for saline-water 
conversion when fresh-water sources 
are readily available and the capacity 
to be stored and transmitted is large. 
When small municipalities and indus- 
trial consumers have exhausted their 
supplies within reasonable distances, 
saline-water conversion of local ground 
water may become economical for 
them. 

In some communities having brack- 
ish water, improvement of the existing 
public supplies by demineralization 
may require a substantial rise in water 
rates. Present water costs, however, 
may not be as cheap as the consumer 
is led to believe. For example, in a 
typical town using highly mineralized 
water where the average monthly 
water bill may be $4-$5, one or more 
of the following additional “water- 
connected” expenses might be com- 
monplace: (1) purchase of bottled 
drinking water—$3-$6 per month, 
(2) home  softening—$3-$10 per 
month, (3) excess corrosion due to 
the highly mineralized nature of the 
water—$4—$6 per month; (4) excess 
consumption of soaps and detergents 
(in cases where no softener is used )— 
$4-$5 per month. It is clear that 
substantial increases in water rates of 
such communities would lead to deliv- 
ered water prices above present na- 
tional averages, or even above some 
current high-price areas. There is no 
natural law or principle, however, that 
all water rates must be in the neigh- 
borhood of 20-60 cents per 1,000 gal. 
Substantial variations in utility costs 
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are commonplace in different locations 
with different natural endowments. 
The premium that communities are 
willing to pay for stored water will 
gradually diminish as familiarity with 
demineralized brackish water becomes 
more general. Communities that today 
have highly mineralized water will 
learn within a few years that the 
quality of their water can be improved 
markedly at an economical cost. De- 
mineralized brackish water will become 
increasingly important as a water re- 
source in some areas of our nation. 
One good installation of significant 
size, producing a good-quality water 
from a highly mineralized source at a 
cost equal to or less than the delivery 
of stored surface water, will make a 
lasting impression on the community 
in which the installation is located. 


Gordon F. Leitner 


Vice-Pres., Aqua-Chem Inc., Waukesha, 
Wis. 


By presenting developments in 
saline-water conversion, this report 
renders a genuine service to municipal 
and industrial water supplies. It was 
wise to confine the first report to 
brackish waters, as they are the major 
problem at present, and will be such 
for many years. 

It is particularly helpful to have a 
clear definition of the term “brackish 
water.” If this definition is accepted 
in use, it may help people to avoid 
some of the present confusion on this 
matter. 

The writer agrees with the task group 
recommendation that all published op- 
eration and maintenance reports on 
brackish-water conversion plants should 
include complete analyses of raw and 
treated water along with a compilation 
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Later on, other communities will learn 
of the success and reliability of the 
demineralization process. Obviously, 
although cost is a most important fac- 
tor, of equal importance is the reliabil- 
ity of the demineralization process. It 
must work satisfactorily and continu- 
ously, and should not require highly 
trained operators. When this stage 
has been achieved, demineralized 
water will take its place as an impor- 
tant source of fresh water. 
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of cost data—and that these analyses 
and data should be presented in a 
form like that of OSW. The writer’s 
firm has completed a new membrane 
electrodialysis unit, manufactured under 
license rights from a Netherlands re- 
search group. This plant will be in- 
stalled at Pickstown, S.D., to produce 
fresh water from brackish water for 
an Air Force installation. The firm 
plans to publish complete reports, in- 
cluding cost information, on this plant. 

The task group report describes two 
processes that are commercially avail- 
able for treating brackish water: dis- 
tillation and electrodialysis. The freez- 
ing process, now being tested by OSW 
on a pilot plant scale for sea water, 
will probably not be considered for 
commercial installations until it has 
been successfully used, and until costs 
have been established in a demonstra- 
tion plant. The OSW demonstration 
plant program does not include a 
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freezing plant for brackish-water 
conversion. 

The writer’s experience in recom- 
mending, designing, and _ building 
equipment for brackish-water conver- 
sion has shown that there are many 
variables between one application and 
another. The section of the task group 
report that deals with membrane proc- 
esses confirms this finding, and men- 
tions that the OSW demonstration 
plant at Webster, S.D., the site of 
which was selected because of its 
“typical” water conditions, may not 
be representative of other “typical” 
plants. Variables other than water 
composition to be considered in select- 
ing a process are: (1) cost of electric 
power at the plant site, (2) cost of 
available fuels, (3) availability of 
waste heat sources, as from a steam 
power plant, and (4) Total solids con- 
centration requirements in the final 
product. As pointed out in the distil- 
lation section of the report, dilution of 
product water can reduce water costs 
by 25-50 per cent. 

The writer has found, in studying 
the requirements for a municipality 
where a good water supply had to be 
provided from brackish water in the 
1,000-3,000-ppm range, that it was 
impossible to predict the optimum 
process without a complete cost study 
of the electrodialysis process, the dis- 
tillation process, and combinations of 
these processes. It is interesting to 
note that for this particular installa- 
tion, the cost of energy plus amortiza- 
tion costs varied more than 100 per 
cent between the several schemes 
considered. 

For an installation with a capacity as 
large as 24,000 gpd, the vapor com- 
pression type of plant frequently has 
a lower capital equipment cost and a 
lower total operating cost than the 
corresponding costs for an electro- 
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dialysis plant. For example, with a 
plant of 2,000-gpd capacity, which 
would produce water of 500 ppm total 
solids from water of 3,500 ppm total 
solids, the equipment selling price of 
the writer’s firm for electrodialysis 
(including pretreatment) is approxi- 
mately $20,000. A vapor compression 
plant including pretreatment equip- 
ment, on the other hand, would cost 
approximately $10,000. The electro- 
dialysis plant would use 3.7 kw/hr; 
the plant of the vapor compression 
type would use 5.7 kw/hr. On smaller 
plants, the increase in electric-power 
requirements of the vapor compres- 
sion plant is offset by other cost fac- 
tors such as capital equipment, water 
pretreatment, membrane replacement, 
and operating labor. Other applica- 
tions, however, favor the electrodialy- 
sis process. 

In the section of the report on mem- 
brane processes, present costs for elec- 
trodialysis are stated to be in the range 
of 30-60 cents per 1,000 gal. A 
2,800-000-gpd plant in South-West 
Africa, also built under license rights 
from the Netherlands group, has re- 
ported costs of 54 cents per 1,000 gal, 
but the writer knows of no installa- 
tions in the United States that produce 
water in the 30-60-cent range. The 
writer believes the 54-cent costs in 
South-West Africa can be reduced in 
a United States installation with pres- 
ently available equipment. 

The writer questions the implica- 
tions that electrodialysis is the most 
useful method for the water supply 
profession. Both distillation and elec- 


trodialysis, or a combination of those 
processes, must be considered for each 
brackish-water application. Only after 
a careful, impartial analysis can it be 
determined which process or combina- 
tion of processes will result in the 
lowest total water cost. 
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Water Supply on the Moon 
Harry N. Lowe Jr. 


A paper presented on Jun. 7, 1961, at the Annual Conference, Detroit, 
Mich., by Harry N. Lowe Jr., Deputy Chief, Missile & Space Office, 


HE current pace of technical ad- 
vances in space vehicle propulsion 
and guidance suggests that the capa- 
bility to transport men and materials 
to the moon will be achieved by the 
end of the 1960’s. To permit early 
exploitation of this capability, life sup- 
port systems must be devised that will 
permit men to live and work for ex- 
tended periods on the moon. 

Food, water, and oxygen, essential to 
survival in any environment, will make 
up a large portion of the logistic sup- 
port load for any manned lunar opera- 
tion. A normal active man consumes 
1,800—2,000 Ib of water in 12 months. 
The total requirement for water for all 
purposes may be as high as 15,000 Ib 
per man a year. To reduce the logis- 
tic burden to manageable proportions, 
it is essential that sustained manned 
operations on the moon be supported 
by systems of recycling and reuse of 
water that greatly reduce or eliminate 
need for resupply of water from Earth. 

The objectives of this article are to 
outline the problem and to identify 
some of the areas in which research 
effort is indicated. 


Environmental Factors 


The moon is a rocky sphere, 2,160 
mi in diameter. Its surface environ- 
ment is much more hostile than any 
yet encountered by man. Selected 
astrophysical data are shown in Table 
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1. It is apparent that man’s survival 
on the moon for any extended period 
will require construction of protective 
shelter and other facilities. 

The prime requisite in design of a 
lunar base will be to provide an en- 
vironment in which man can live and 
do useful work, and which is, as far as 
practical, similar to Earth conditions. 
Some basic environmental require- 
ments for man are shown in Table 2. 
Maintaining this required environment 
on the moon will require creation and 
control of a breathable atmosphere in 
pressurized shelters and within pro- 
tective clothing. This will involve 
means of replacing oxygen; removal of 
carbon dioxide and other contami- 
nants; control of dust, odors, and 
sound; and maintaining desired levels 
of humidity, pressure, and temperature. 

It has been postulated that water 
may exist as ice at the bottom of deep 
craters or beneath the surface of the 
moon. This theory is based on the 
assumption that water was once pres- 
ent on the lunar surface. Lunar rocks 
have been suggested as a water source 
for permanent bases in which heavy 
machinery and large power sources 
could be installed. This approach as- 
sumes that lunar materials contain 
significant trapped and bound water. 
Evaluation of these and other possible 
sources will require far more knowl- 
edge of the physical structure and en- 
vironment of the moon than is cur- 
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rently available. At present, it must 
be assumed that the moon is devoid of 
water. In the absence of lunar water 
sources, we must look to three other 
sources for water: (1) the Earth, (2) 
man’s excretions, and (3) other wastes. 

All water requirements on the moon 
could be met by shipment of water in 
sealed containers from Earth. Initial 
supplies will be provided in this man- 
ner. It is estimated that it will cost 
$1,000-$5,000 per pound to transport 
cargo to the moon. Cost alone sug- 
gests that some other method of sup- 
plying at least part of the required 
water will be desirable. Technical 
considerations indicate that a major 
reduction in the total weight of water 
transported from Earth will be essen- 
tial in any extended lunar operation. 

Production of potable water on 
Earth for use on the moon will pose 
no significant problems. Development 
of suitable containers will be required. 
Protection of stored water against en- 
viromental hazards must be provided. 

The second available source is man’s 
excretions, which can be processed to 
allow at least partial recovery of the 
water content. The amounts of water 
available from human excretions are 
indicated in Table 3, which shows 
average water excretion based on a 
total excretion of 2,500 g per man per 
day. These figures show that the prin- 
cipal sources of excreted water are (1) 
urine and (2) the atmosphere contain- 
ing water from the lungs and skin. 
The amount of water contained in feces 
is relatively small. 

It is difficult to estimate at this time 
the amount of water to be expected 
from other wastes. In temporary fa- 
cilities, there may be essentially no 
water used except that consumed di- 
rectly by man. In more formal facili- 
ties, the utility water requirements may 
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exceed 4 gpcd. Wastes will include 
water from bathing, cleaning, and food 
preparation. These wastes will prob- 
ably contain chemical disinfectants and 
other substances, and may be more 
representative of industrial wastes than 
of domestic sewage. If hydrogen- 
oxygen fuel cells are used for power 
generation, the resulting by-product 
will be water that may contain signifi- 
cant quantities of dissolved metals. 
Man as a source of water should 
not be overlooked. Although the 
amount produced varies between indi- 


TABLE 1 
Selected Astrophysical Factors for the Moon 
Factor & Unit Value 
Specific gravity 3.33 
Acceleration of gravity at sur- 
face—ft/sec/sec 5.31 
Ratio of moon gravity to earth 
gravity 0.162 
Albedo* 0.07 
Temperature, surface, 
daylight—°F 214 
Temperature, surface, night, 
minimum—°F —270 
Temperature, subsurface, con- 
stant, at equator—°F —40 
Atmosphere, surface pressure— 
earth atmospheres 10-8 


* The ratio of light reflected from the moon to the 
total light falling on it. 
viduals and with diet, the human body 
is a producer of water as a by-product 
of the metabolic processes. Water 
output may exceed input by 12-20 per 
cent. 


Operational Factors 


Lunar water systems will vary with 
the type and mission of the facilities 


they serve. Extraterrestrial bases 
may be classified as follows: 
1. Temporary base. A _ base in- 


tended for use for a limited period of 
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time and providing only minimum fa- 
cilities to sustain life and to support 
the mission of the assigned personnel. 
A landed, manned space craft with an 
externally constructed power source 
represents the simplest temporary base. 

2. Semipermanent base. A base de- 
signed for a useful life of 1 year or 
more of continuous or intermittent 
occupancy without major maintenance 
and providing an intermediate com- 
fort level for personnel. A _ semi- 


TABLE 2 


Environmental Requirements for Man 


Requirement & Unit Limit 


Remarks 


optimum ; may 
be increased at 
reduced pres- 
sures 

optimum 


Oxygen—% 


Nitrogen—% 

Inert gases—% 

Carbon maximum for 
dioxide—% | continuous 
exposure 

may be as low as 
10 psi in lunar 
suit 


Pressure—psi 


Humidity—% | 50-60 
Temperature—°F 65-68 
Noise—decibels 30-40 


optimum 

maximum for 
comfort 

internal use; may 
be lower for 
short periods 


Water—lb/day | 6 


permanent base may provide a closed 
ecologic system but requires major 
logistical support. 

3. Permanent base. base de- 
signed for an indefinite period of con- 
tinuous occupancy, providing a maxi- 
mum practical comfort level for per- 
sonnel, and requiring little, if any, 
logistic support from Earth. A per- 
manent base provides a closed ecologic 
system and is supported by an indus- 
trial system that utilizes available nat- 
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ural resources to produce most es- 
sential supplies, which may include 
food. 

Water supply systems for temporary 
bases must be light in weight, and must 
require minimum maintenance and 
power. The use of other than stored 
supplies of water must be carefully 
evaluated against the weight, power 
required, and other characteristics of 
water recycling systems. Water re- 
cycling systems will be a firm require- 
ment in all semipermanent and perma- 
nent facilities. In facilities designed 
for extended use, power will not be a 
limiting factor and the designer of 
water supply systems will be guided 
by the requirements for reliability, low 
maintenance, and long life. 


Suggested Research 


Review of the literature suggests 
that many investigators have recog- 
nized the importance and complexity 
of water supply problems on the moon, 
but that only limited research has been 
accomplished. Significantly, more at- 
tention has been given to water supply 
systems for use on space vehicles in- 
tended for relatively short periods of 
use and in a zero gravity environment. 
Some of the work reported was accom- 
plished with only limited attention to 
the unique logistical requirements of 
extraterrestrial operation. Reliability 
and long-term costs are more signifi- 
cant than noncritical differences in 
technical performance or apparent 
large differences in first cost. Lack of 
attention to the environmental factors 
on the moon, including gravity, tem- 
perature, and pressure, could produce 
processes of little practical value. The 
required research, development, and 
evaluation testing of systems must be 
conducted under controlled simulated- 
environment conditions, where possi- 
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ble. Results must be evaluated in 
pilot plant operations and through ef- 
fective and timely use of test animals 
and humans. This is a time-consuming 
but essential procedure. 


Water Recovery From the Atmos- 
phere 


Removal of moisture from the at- 
mosphere is a firm requirement in 
every manned space vehicle, full pres- 
sure suit, and inhabited lunar struc- 
ture. The task can be accomplished 
by any one of several methods. A 
mechanical method employing refrig- 
eration appears promising for lunar 
applications that involve extended pe- 
riods of operation. It is considered 
likely that a multistage mechanical re- 
frigeration system can be used to re- 
move both water and toxic gases from 
air. Required research includes study 
of methods for removing water from 
air by compression, by adsorption, and 
by cooling, using as aids the environ- 
mental conditions found on and below 
the surface of the moon. Required 
water treatment research includes stud- 
ies of removing particulates, dissolved 
gases, and other objectionable contami- 
nants from the water obtained from 
the atmosphere. Methods to reactivate 
materials used to remove tastes, odors, 
and toxic materials must be studied as 
well as effective disinfection and pro- 
tection of the finished product. 


Water Recovery From Liquid 
Wastes 


Most investigators agree that urine 
can be used as a raw-water source with 
relatively high efficiency of recovery 
of water. No significant attention has 
been given to recovery of water from 
other liquid wastes that may differ 
significantly from urine in physical and 
chemical characteristics. It appears 
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desirable, therefore, to study these two 
wastes separately and together. Re- 
search should include investigations of 
the requirements for, and the perform- 
ance of, processes involving filtration, 
ion exchange, electrodialysis, and the 
phase change processes of distillation, 
freezing, and sublimation. Of these 
processes, distillation appears to offer 
the most promise for simple systems 
requiring only limited logistical sup- 
port, although the effects of high tem- 
peratures on volatiles normally carried 
over in the distillation process deserve 
careful attention. The lunar environ- 
ment with its subfreezing and boiling 
temperatures, low pressure, reduced 
gravity, and high levels of solar radi- 
ation should be considered in the de- 


TABLE 3 
Water Available From Human Excretions 


Amount of Water 


Source g/day 
Lungs 500 
Skin 500 
Urine 1,400 
Feces 100 


sign of the experiments. These fac- 
tors may be troublesome, but they may 
also provide essential aids to new ap- 
proaches to the problems. 


Water Recovery From Feces 


Human feces are the least promising 
source of water in a waste recycling 
system, largely because of the relatively 
small amount of water available. Re- 
quired research in this area includes 
studies of dewatering feces alone and 
when combined with urine, urine brine, 
other liquid wastes, and garbage. The 
nature of the dewatered residues 
should be determined to permit evalu- 
ation of them as food for algae and in 
other applications. 
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Discussion and Summary 


Significant lunar environmental fac- 
tors have been noted. Potentially pro- 
ductive areas of research have been 
suggested that should be explored and 
exploited in developing water supply 
support for manned operations on the 
moon. A system based on recycled 
wastes, supplemented by resupply of 
water from Earth, is not the only pos- 
sible solution to initial water supply 
problems on the moon. No other ap- 
proach offers a better solution, how- 
ever, within the time frame of the an- 
ticipated need. 

There has been only limited research 
accomplished on lunar water supply 
problems. For the next few years, 
the required effort will be an exten- 
sion of existing data and experience 
associated with water purification, 
waste treatment, industrial hygiene, 
and preventive medicine. The current 
state of the art will not support equip- 
ment development. The initial effort 
must be concerned with processes, 


LOWE Jr. Jour. AWWA 
techniques, and the unexplored hazards 
to man resulting from continuous use 
of a recycled water supply. Providing 
safe and reliable water supplies on the 
moon will not be an easy task. With 
an effectively organized and vigorous 
research effort, it is safe to assume 
that the problems will be solved early 
enough to meet the requirements for 
design and construction of lunar facili- 
ties. A research program to produce 
firm guidance to system designers 
within 4 years appears to be a reason- 
able objective. 

Many of the technical problems of 
water recovery from wastes on the 
moon are known to those now en- 
gaged in research on sea water conver- 
sion and water purification from the 
increasingly contaminated sources on 
Earth. It appears reasonable to as- 
sume that this effort to meet the water 
supply problems of those who will go 
to the moon will also produce new 
data and concepts of substantial value 
to those who remain at home. 


Revised Gaie Valve Standard Available (AWWA C500) 


Copies of AWWA C500-61—Gate Valves for Ordinary Water Works Serv- 
ice, containing the revisions approved by the Board of Directors on Jan. 23, 1961, 
are now available from the AWWA Order Department at 25 cents each. 

The principal revisions to the document, formerly designated AWWA 
C500—59T, affect Sec. 6, 10, 12, 28, and 29. With the inclusion of a new Sec. 
31 (Affidavit of Compliance), the former Sec. 31 (Preparation for Shipment) 
becomes Sec. 32. The document has been advanced to Standard status. 
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Water Consumption by Institutions 
Phillip E. Searcy and Thomas deS. Furman 


A paper presented on Nov. 14, 1960, at the Florida Section Meet- 
ing, Ft. Lauderdale, Fla., by Phillip E. Searcy, Sr. Asst. San. Engr., 
USPHS, Charlottesville, Va., and Thomas deS. Furman, Assoc. Prof. 


ONTINUED increase in popula- 

tion is forcing communities to 
expand into outlying fringe areas. 
Schools, churches, stores, shopping 
centers, restaurants, and motels follow 
this expansion and are established on 
the suburban fringes. These areas are 
often beyond the reach of existing 
public water and sewer systems. 
When it is not economically feasible 
to connect the new areas to the existing 
systems, it becomes necessary to build 
adequate facilities to serve the insti- 
tutions in their new locations. 

Proper design and operation of such 
facilities require prior knowledge of 
the quantity of water to be used and 
of the hydraulic flow characteristics 
expected. The accuracy of these de- 


TABLE 1 


School Water Consumption Based on 
Monthly Meter Readings 


Consumption—gpd/student 
Average | Maximum | Minimum 
Average elementary 5.8 12.9 0.2 
Typical* elementary 8.3 11.1 3.5 
Average junior high 6.0 16.2 0.1 
Typical* junior high 7.0 16.2 0.1 
Average senior high 11.7 36.8 | 0.4 
Typical* senior high 15.8 36.8 1.2 
Combined 12.0 18.6 1.9 


* One school selected as typical of modern design and 
construction, 
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sign data is of utmost importance. If 
flows are underestimated, the plant 
capacity will be insufficient and the 
operating efficiency greatly reduced. 
If flows are overestimated, the plant 
will be larger than necessary, thus 
making the cost of the plant excessive. 

In view of the expected continu- 
ation of present community expansion 
trends, and of the pressing need for 
factual design data for treatment facili- 
ties to serve institutions, a study of 
water consumption rates affecting 
small treatment plant design was initi- 
ated at the University of Florida in the 
spring of 1960. The purpose of the 
study was to obtain and evaluate basic 
water consumption data, to compare 
them with existing information, and 
to establish, if possible, reliable water 


TABLE 2 


School Water Consumption Based on 
Daily Meter Readings 


Consumption—gpd/student 
Type of School 


Average | Maximum | Minimum 
Average elementary 7.5 10.6 5.5 
Typical* elementary 8.2 10.6 6.6 
Average junior high 6.5 12.2 4.1 
Typical* junior high 7A 7.8 6.3 
Average senior high 19.9 61.3 9.1 
Combined 13.5 14.9 12.3 


* One school selected as typical of modern design and 
construction, 
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consumption rates which could be used 
in the design of small water and sew- 
age facilities. 


Objectives 


To establish these data, the follow- 
ing objectives were set: 

1. Determine the average, maxi- 
mum, and minimum consumption rates 
on a monthly, daily, and hourly basis. 

2. Determine the relationship be- 
tween average, maximum, and mini- 
mum consumption rates. 

3. Present reasonable flow factors 
which may be used in the design of 
treatment plants to serve the institu- 
tions studied. 

4. Present any other relationships 
that might affect the design of treat- 
ment plants for the institution studied. 

If a study could adequately meet 
these objectives, the authors believed 
it would be possible to select design 
flows that would accurately reflect the 
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Fig. 1. Water Consumption and 
Age of Schools 


Consumption is based on monthly aver- 
ages over an 18-month period. 
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TABLE 3 
Motel Water Consumption 


| Consumpiion—gpd/guest 


Period 
Average Maximum| Minimum 
Monthly readings | 63 181 24 
Daily readings 54 i111 21 
Hourly readings 57 320* 


* Peak hourly flow. 


actual flows to be expected from a spe- 
cific type of institution. 

A review of existing data on water 
consumption rates disclosed little infor- 
mation of this scope. Most of the 
previous studies presented average 
values only, and were based on monthly 
consumption records with no consid- 
eration given to daily or hourly 
variations. 

The first extensive compilation of 
institutional flows was apparently 
made by John E. Kiker Jr.*. Several 
other compilations have followed, but 
for the most part, they seem to be 
only an expansion of the original com- 
pendium. One of the most recent sur- 
veys appears in the USPHS Manual 
of Septic Tank Practice.’ 

According to the records of John 
E. Kiker Jr., a recent approach to the 
problem of determining water con- 
sumption rates in schools was made 
by a Florida governor’s committee on 
school sanitation. This committee, ap- 
pointed by Governor Collins in 1958, 
made preliminary investigations of 
available data and established a tenta- 
tive schedule for an exhaustive study 
of consumption rates in Florida 
schools. Unfortunately, the study has 
not been completed. 

A study of monthly water consump- 
tion rates for shopping centers in the 


4 
i 
8 
7 
: 


Sep. 1961 


Miami, Fla., area was made by Loyd 
Frank Vann Associates in 1959. 

As stated above, the purpose of this 
study was to examine not only the 
monthly records, but the daily and 
hourly water consumption rates as 
well, and to make these findings avail- 
able as a basis for future design. 


Procedure 


The first step in the study was the 
selection of the institutions to be stud- 
ied. After careful consideration, it 
was decided to limit the study to 
schools, motels, shopping centers, hos- 
pitals, and restaurants in the Gaines- 
ville, Fla., area. The data were taken 
from monthly records accumulated by 
the city and from hourly and daily 
meter readings obtained specifically for 
the study. At frequent intervals dur- 
ing the survey, all data were reviewed 
to insure proper coverage of the vari- 
ous types of institutions. 

The season of the year was also a 
considered factor in the study. Fieid 
readings were made in February and 
March. According to interviews with 
school principals and motel managers, 
this season had certain advantages and 
one disadvantage. The advantages of 
this time of year were: 

1. Showers in schools were heavily 
used because sports activities were at 
their peak. 


TABLE 4 


Restaurant Water Consumption 


Consumption—gpd/meal 


Period 
Average | Maximum} Minimum 
Monthly readings} 7.7 17.3 2.4 
Daily readings 6.4 12.6 3.2 


Hourly readings ta 16.5* 


* Peak hourly flow. 
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TABLE 5 
Shopping Center Water Consumption 


Consumption—gpd/1,000 sq ft 


Period 
Average | Maximum} Minimum 
Monthly readings | 209 278 130 
Daily readings 175 217 82 


Hourly readings 


217 451* 


* Peak hourly flow. 


2. The tourist season was at its 
peak ; the motels and restaurants were 
serving a maximum number of guests. 

3. Very little water was being used 
for lawn watering and other outside 
uses. Hence the water being con- 
sumed would closely approximate ac- 
tual sewage flow. 

The primary disadvantage was that 
cold weather generally reduces the 
amount of water used per capita. This 
reduction could reduce the possibility 
of obtaining maximum consumption 
rates, but it was concluded that the 
advantages outweighed the disadvan- 
tages, and that February and March 
represented an ideal time for the study. 

Consumption rates for each type of 
institution were obtained on a monthly, 
daily, and hourly basis. The monthly 
rates were obtained from the city rec- 
ords; an 18-month period from Oct. 1, 
1958, to Apr. 1, 1960, was selected for 
analysis. 

Daily readings were taken directly 
from the water meters of the institu- 
tions selected. Readings were begun 
on Feb. 9, 1960. At least fourteen 
readings were made at each location. 

Hourly studies were made on se- 
lected days throughout the 2-month 
period to obtain maximum consump- 
tion rates from which the relationship 
between average and peak consump- 
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tion rates could be computed. In 
order to obtain a better indication of 
peak rates, some readings were taken 
at 30-min intervals during periods of 
maximum consumption. 

All consumption rates, whether ob- 
tained from monthly, daily, hourly or 
30-in. readings, were converted to gal- 
lons per day, thereby establishing a 
common factor for each type of insti- 
tution and aiding data comparison. 

From each group of institution the 
one unit considered the most typical 
or representative of present-day design 
and construction practice was selected. 
The rates for this typical unit were 
compared to the average values ob- 
tained for the group. Such a compari- 
son was made to establish typical indi- 
vidual data as well as average group 
data, and thereby produce realistic 
results. 


Schools 


Schools were given top priority in 
this study because little consumption 
data on schools is available and because 
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Fig. 2. Water Consumption of 
an Elementary School 


During the 10-hr period covered by the 
study, 93 per cent of the total daily flow 
was consumed. 
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Fig. 3. Water Consumption of 
a Junior High School 


12 PM 


The 4-hr maximum consumption rate was 
higher than that of the senior high 
school. 


many schools are being constructed in 
areas not served by public water and 
sewerage facilities. 

In the Gainesville, Fla., city school 
system there are ten white and four 
Negro schools which can be divided 
into nine elementary schools, two 
junior high schools, two senior high 
schools, and one combined school (kin- 
dergarten through twelfth grade). 

All elementary schools were equipped 
with cafeterias. The junior and senior 
high schools and the combined school 
included a cafeteria and a gymnasium 
with showers. 

Soon after the beginning of this 
study it was found that consumption 
in schools varied with the type of 
school (elementary, junior high, senior 
high, or combined) rather than with 
the facilities of the school (cafeteria, 
gymnasium, showers). Of the schools 
studied, the junior high, senior high, 
and combined schools each have a 
cafeteria and a gymnasium with 
showers, yet the consumption rates of 
each were significantly different. 
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Consumption rates were reported in 
gallons per day per student, as this 
unit of measurement has been used in 
all previous tabulations. It was ob- 
served in this study, however, that 
there is not always a direct relationship 
between water consumption rates and 
the number of students in attendance. 
Variations in water consumption ap- 
peared to be more nearly related to 
special activities of the school. These 
include lawn watering, sports events, 
construction work, and other water- 
consuming activities. | Nevertheless, 
the number of students does indicate 
the size of the school, and was there- 
fore used as the denominator for con- 
sumption rates. 

The average daily attendance rec- 
ords were obtained from the Alachua 
County Board of Public Instruction, 
and were used in determining con- 
sumption rates on monthly and daily 
bases. On days selected for hourly 
studies, an actual census was taken to 
determine the attendance on those par- 
ticular days. Monthly consumption 
rates were based on an average of 22 
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Fig. 4. Water Consumption of 
a Senior High School 


The second peak in the consumption rate 
reflects showers that students take after 
the daily sports activity. 
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Fig. 5. Water Consumption of 
a Combined School 


Avg Consumption per Student — gpd 


12 PM 


The combined school, like the senior high 
school, has two peak consumption rates. 


school days per month for regular 
school months and 15 school days for 
December. 

The situation during the summer 
months was found to be unique. Ex- 
cept for a small summer school enroll- 
ment over a 6-week period, there was 
no student attendance; yet in some 
cases an appreciable amount of water 
was consumed. This can be explained 
by the fact that most major repairs and 
new construction are made during the 
summer months, and much of this 
work requires large volumes of water. 
In order to convert this water con- 
sumption to gallons per day per stu- 
dent, the average daily attendance for 
the month of May was used for June, 
July, and August, and the actual num- 
ber of days in each month was used 
rather than the number of school days. 
The average monthly consumption rec- 
ords for the 18-month period are pre- 
sented in Table 1. 

Data reported by the governor’s 
committee on school sanitation gave 
the following average consumption 
values for Dade County, Fla.: ele- 
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mentary schools, 9.4 gpd per student; 
junior high schools, 9.3 gpd per stu- 
dent; and senior high schools, 12.4 
gpd per student. These values were 
based on a large number of schools, 
but the records for only 3 months (Oc- 
tober 1955, October 1956, and October 
1957) were considered. 

Data from West Virginia,* based on 
a survey of schools in that state, indi- 
cated the following average water con- 
sumption values: elementary schools, 
5.1 gpd per student; high schools, 8.7 
gpd per student ; and combined schools, 
6.2 gpd per student. As a result of 
this survey, West Virginia has adopted 
the values of 10 gpd per student for 
schools without showers and 20 gpd 
per student for schools with showers. 

Daily consumption records were col- 
lected at various times throughout the 
study and the results are presented in 
Table 2. 

It may be noted that the average 
consumption rates are lower than the 
rates for the representative school. As 
the representative schools are of more 
recent construction, they are better 
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Fig. 6. Water Consumption of a Motel 


Flow rates for motels do not include 
water used in motel restaurants. 
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Fig. 7. Water Consumption of 
a Restaurant 


The restaurants taken for this study 
served three meals a day. 


equipped than the older schools. This 
led to a comparison of water rates with 
the age of the school. The results are 
indicated in Fig. 1. 

At least 2 days were devoted to 
obtaining hourly meter readings at 
each of the school types studied. The 
only exception was the combined 
school, where only one set of readings 
was obtained. These results are pre- 
sented in Fig. 2-5. 

It was noted that over 82 per cent 
of the water used each day was con- 
sumed in the 10-14 hr covered by these 
readings. In the elementary and 
junior high schools, 93 per cent of 
the total daily flow occurred within a 
10-hr period. 

It was also observed that the ele- 
mentary and junior high schools each 
have a higher 4-hr maximum consump- 
tion rate than does the senior high 
school. The effect of showers follow- 
ing the sports program explains the 
second peak in the consumption rates 
of the high schools and the combined 
schools. 

A review of all data collected in 
this phase of the study led to the selec- 
tion of certain factors that relate aver- 


4 
¢ 


Sep. 1961 


age daily values to certain maximum 
consumption rates. These factors are 
based on an analysis of monthly, daily, 
and hourly consumption rates, and 
although they may not hold true for 
all conditions, they should give a close 
approximation of flow relationships 
that can be expected in the various 
types of schools. For elementary and 
junior high schools they are: 12-hr 
maximum, 2 times the 24-hr average; 
4-hr maximum, 4 times the 24-hr aver- 
age; 1-hr maximum, 5 times the 24-hr 
average. For senior high and com- 
bined schools, they are: 12-hr maxi- 
mum, 1.75 times the 24-hr average; 
4-hr maximum, 2.5 times the 24-hr 
average; 1-hr maximum, 3.25 times 
the 24-hr average. 


Motels 


Six motels were selected for study. 
Two had restaurants which were 
served by separate meters. Another 
had a coffee shop which served break- 
fast only, and three had no restaurant 
facilities. 

Water consumption rates were re- 
ported as gallons per day per guest 
and do not include water used in res- 
taurants. For design purposes, the 
gallons per day per guest could be 
translated as gallons per day per bed 
space—a single bed counted as one 


TABLE 6 
Hospital Water Consumption 


Consumption—gpd/bed 


Time Interval 


Average* Minimum 


241 277 185 
247 307 193 
305 578t 


Monthly readings 
Daily readings 
Hourly readings 


*The number of beds for which the hospital was 
—— was used as denominator. 
t Peak hourly flow. 
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TABLE 7 
Summary of Water Consumption Data 


Suggest Flow Factorst 
Institution 

Schools 

Elementary 10 2.0 | 4.0 | 5.0 

Junior High 12 2.0 | 4.0 | 5.0 

Senior High 20 1:735'| 2.5 {3.25 

Combined 14 1.78 
Motels 70 1.5: 12.5145 
Restaurants 9 14 {1.7 | 2.0 
Shopping 


* Denominator for schools is student; for motels, 
guest; for restaurants, meal; for shopping centers, 
1,000 sq ft; for hospitals, bed. 

t Factors by which 24-hr average flows are multi- 
plied to obtain various maximum values. 

t Based on a shopping center with floor area of 
133,458 sq ft. 

§ Based on a 120-bed hospital. 


bed space and a double bed counted 
as two bed spaces. The consumption 
records are presented in Table 3. 

Investigations of a motel selected as 
representative of present-day design 
indicated the following consumption 
rates: 24-hr average, 65 gpd per 
guest; maximum 12-hr average, 93 
gpd per guest ; maximum 4-hr average, 
166 gpd per guest ; peak hour, 292 gpd 
per guest. The pattern of the hourly 
flow rate for the typical motel is shown 
in Fig. 6. 

It was found that the average con- 
sumption rates based on monthly rec- 
ords exceeded those based on daily 
and hourly readings. This is probably 
due to below-average consumption for 
the 2 months considered. Although 
business was at its peak, water con- 
sumption was not. Very little outside 
water use, such as lawn watering, was 
observed during the months consid- 
ered, and this probably accounts for 
the difference. 
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From the data collected the follow- 
ing flow relationships are suggested: 
24-hr average, 70 gpd per guest; 12-hr 
maximum, 1.5 times 24-hr average; 
4-hr maximum, 2.5 times 24-hr aver- 
age; l-hr maximum, 4.5 times 24-hr 
average. 


Restaurants 


Two restaurants and one cafeteria 
were included in the study. The res- 
taurants were operated in conjunction 
with two of the motels and the cafe- 
teria was a part of the shopping cen- 
ter. Three meals per day were served 
by the restaurants, and two were 
served by the cafeteria. Consumption 
rates, based on the average number of 
meals served per day, are presented 
in Table 4. The flow pattern of hourly 
consumption rates for a typical res- 
taurant is shown in Fig. 7. 


Shopping Centers 


Only one shopping center was avail- 
able for study. It contained 21 shops 
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Fig. 8. Water Consumption of 
a Shopping Center 


Readings from the 22 meters serving the 
shopping center were combined to de- 
termine total consumption. 
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Fig. 9. Water Consumption of a Hospital 


The hospital used for this study was de- 

signed for 120 beds, although the number 

of patients often exceeded the design bed 
space. 


and one apartment and covered 133,458 
sq ft of floor space. As each shop had 
a separate water meter, it was neces- 
sary to read 22 meters and combine 
the results in order to secure the de- 
sired information. The results com- 
puted in gallons per day per 1,000 
sq ft of floor space are as presented 
in Table 5. A typical flow pattern of 
hourly consumption rates is shown in 
Fig. 8. It was observed that 77 per 
cent of the 24-hr flow was consumed 
in a 12-hr period. 

As previously mentioned, the firm 
Loyd Frank Vann Associates of Miami 
made a study of water consumed by 
shopping centers in that area. This 
study revealed that the amount of 
water consumed per 1,000 sqft in- 
creases as the size of the shopping 
center increases, and that a shopping 
center containing less than 100,000 
sq ft used an average of 161 gpd per 
1,000 sq ft, whereas a unit containing 
over 300,000 sq ft used an average of 
225 gpd per 1,000 sqft, based on 
monthly records, 
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Based on this information and on 
the present study, considering monthly, 
daily, and hourly variations, the aver- 
age daily consumption for shopping 
centers of the size studied was com- 
puted at 250 gpd per 1,000 sq ft. The 
following flow relationships were com- 
puted ; 12-hr maximum, 1.5 times 24-hr 
average; 4-hr maximum, 1.9 times 
24-hr average; 1-hr maximum, 2.1 
times 24-hr average. 


Hospitals 


Only one hospital, the Alachua Gen- 
eral Hospital, was available for study. 
This hospital was originally designed 
as a 120-bed institution, but has had 
to provide temporary bed space to 
handle the increasing patient load. 

As initially computed, consumption 
rates were based on the number of 
patients, but it soon became obvious 
that little correlation existed between 
the number of patients and water con- 
sumption. Therefore, the water con- 
sumption was recomputed and based 
on the design bed space (120 beds). 
The results are presented in Table 6. 
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A typical hourly flow pattern is shown 
in Fig. 9. 


Summary 


The results of the study are sum- 
marized in Table 7, which shows sug- 
gested flows for the institutions stud- 
ied, and flow factors that may be used 
to convert average readings to desired 
design criteria. Although it must be 
understood that the values presented 
are based on a limited number of sam- 
ples, it is felt that the results are rea- 
sonably reliable for typical institutions. 
Allowances, however, should be made 
for special problems or conditions that 
might affect water consumption rates 
in other locations. 
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Bill Collection Procedures and 
Delinquent Accounts 


Joint Discussion 


A joint discussion presented on Apr. 14, 1961, at the California Section 


Meeting, Santa Barbara, Calif. 


Procedures at Valiejo—Robert B. Hunter 
A paper presented by Robert B. Hunter, City Water Supt., Vallejo, 


Calif. 


HE Vallejo (Calif.) Municipal 
Water System would not be con- 
sidered a big business when compared 
to some of the larger utility companies 
in California, but it would certainly 
not be called a little business either. 
Its service area extends beyond the 
municipal boundaries and includes not 
only Greater Vallejo but also several 
other communities extending over 
most of the southwestern half of So- 
lano County. The system is in the 
20,000-customer class and distributes 
about 4.5 bilgal of water a year. 
Its annual income is approximately 
$1,500,000. 
Income is, of course, as essential to 
a water utility as it is to any other 
business. The utility must be certain 
of receiving a steady flow of income 
over given periods if it is to meet its 
operational costs, provide the degree 
of service the public demands, and con- 
tinue its replacement and capital im- 
provement programs. Billing and col- 
lection bring in the utility’s income. 
When collecting payments of water 
bills, the privately owned .vater com- 
pany may have a slight advantage over 


the publicly owned company. A sub- 
stantial number of customers feel that 
the service from a publicly owned util- 
ity need be paid for only when they, 
the customers, can do so without in- 
convenience, but that the water, being 
publicly owned, must nevertheless con- 
tinue to be delivered without interrup- 
tion. Contrary to this opinion, it is 
only fair that all customers pay for 
water as received, and that billing and 
collection provide equal distribution of 
the payment burden. Customers who 
pay their bills regularly should not be 
penalized in the rate structure or other- 
wise be required to take up the slack 
for those who do not pay bills when 
due. Assuming that a proper and 
adequate rate schedule has been estab- 
lished, the next step is to initiate sound 
billing and collection procedures. 

A little more than 3 years ago, Val- 
lejo adopted a new ordinance establish- 
ing rules and regulations for the mu- 
nicipal water system. This ordinance, 
in part, outlines procedures to be fol- 
lowed, commencing with the applica- 
tion for service, procedures during the 
service period, and payment of the 
final bill. 
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Service Application 


The ordinance states that the appli- 
cant for water service or his author- 
ized representative must appear in the 
commercial office and complete a serv- 
ice agreement that defines: 

1. The premises to be served (ad- 
dress or location) 

2. The owner of the premises, if 
other than applicant 

3. The nature of the water use (resi- 
dential, commercial, or other) 

4. The estimated water demand (in 
gallons) 

5. The date the commencement of 


service is desired 
6. The bill mailing address. 


Service Agreement 


When completed and signed by the 
applicant, the application form becomes 
the service agreement. The form is a 
4x6-in. card that, because of its sim- 
plicity, requires very little clerical time 
to complete. It has eliminated or re- 
duced some of the collection problems 
by positively identifying the customer 
and clearly defining the service period. 
The act of signing this agreement also 
has a psychological effect on the cus- 
tomer, causing him to recognize more 
clearly his responsibility for paying 
bills. The size of the card makes it 
easy to file while the account is cur- 
rent. If the account becomes delin- 
quent to the point where shutoff is re- 
quired, or if the account is not paid 
on termination of service, the service 
agreement with the amount of the de- 
linquency noted thereon is transferred 
to the blacklist file. 

When he signs the water service 
application, the applicant agrees to: 

1. Pay for all water delivered 
through the service connection from 
the date of the commencement of serv- 
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ice to and including 2 working days 
after the delivery to the commercial 
office of a written request for discon- 
tinuance of service 

2. Pay all bills for the service within 
30 days after the date of billing. 


Service Deposit 


The service application indicates 
whether the prospective customer is 
the owner or the tenant of the premises 
for which he desires water service. 
If the applicant is the owner of the 
premises, no deposit is required. Nor 
is a deposit required of a tenant who 
has previously had a water service ac- 
count with Vallejo without being de- 
linquent for twelve consecutive billings. 
Deposits are required of all tenants 
whose credit has not thus been estab- 
lished. The size of the service deposit 
is the average 2-month bill for the 
particular classification of water con- 
sumption, but, in any event, the deposit 
is not less than $10. Deposits are 
refundable on termination of service at 
the particular location and on payment 
of the closing bill, or after twelve con- 
secutive billing periods in which the 
account has not been delinquent at any 
time. 


Billing 


For billing purposes, accounts are 
divided into two general categories, 
monthly and bimonthly. Monthly bills 
are issued for: 

1. All contractual accounts, which 
consist primarily of government agen- 
cies 

2. Customers consuming more than 
20,000 cuft of water in any 2 con- 
secutive months 

3. Customers remote from 
Greater Vallejo service area. 
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Bimonthly bills are issued to the 
remainder of the accounts, which in- 
clude the majority of the residential 
consumers and those business or com- 
mercial activities using relatively small 
quantities of water. The bimonthly 
billing procedure was adopted to mini- 
mize rising operational costs and over- 
head and thereby retain an economic 
balance without increasing water rates. 

It should be noted here that although 
bimonthly billing reduces meter-reading 
and billing costs, it frequently increases 
or compounds collection problems. 
The 2-month bill will naturally be 
larger than the bill for 1 month and, 
therefore, be more difficult for some 
customers to pay. With 2-month bill- 
ing, a leak in the customer’s facilities 
can, and generally does, continue un- 
discovered for a greater period of time. 
And those customers, of whom all 
utilities have a few, who do not intend 
to pay the bill will have an additional 
30-day start out of town. Vallejo’s 
billing schedule is organized so as to 
process customer accounts at a uni- 
form rate each working day during the 
billing cycles. 


Delinquency Reminder 


When water bills are made out, the 
billing information is entered on the 
ledger for each customer. As pay- 
ments are received, they are posted 
on the ledger, and the outstanding bal- 
ance, if any, is then readily available. 

When, in the course of issuing bills, 
an account is found to have an out- 
standing balance, a delinquency re- 
minder is sent to the customer, indi- 
cating the need for prompt payment. 
The reminder briefly advises the cus- 
tomer that the records indicate his 
account to be delinquent, repeats the 
30-day payment provision of the ordi- 
nance and the customer’s service agree- 
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ment, and states that it is to the cus- 
tomer’s best interest to have a finan- 
cially healthy utility. The reminder 
also explains that the utility’s financial 
health is necessary to continue service 
at the required level and to carry out 
planned improvement programs, and 
that to remain financially healthy, the 
utility must keep its accounts and col- 
lections correct and thus have a bal- 
anced income. 


Shutoff Notices 


If a 30-day review of the account 
discloses a continued delinquency, a 
shutoff notice is delivered to the cus- 
tomer, indicating the amount of pay- 
ment required and the deadline date 
before which the payment must be re- 
ceived. The deadline date is normally 
5 working days after the date of notice. 
This final notice also states the penal- 
ties in the event the service is discon- 
nected for nonpayment of the bill. 

Whenever a water service has been 
shut off for nonpayment, it cannot be 
restored until all charges due, includ- 
ing a $3 turn-on fee, have been paid 
and a cash deposit made to reestablish 
the customer’s credit. If, after a serv- 
ice is discontinued for delinquency in 
payment, service is resumed without 
proper authorization, the meter is re- 
moved and a $5 replacement charge is 
made, in addition to the charges and 
deposit mentioned before, before serv- 
ice will be reinstated. 

Vallejo has the usual run of hard- 
luck cases: customers who for some 
reason find themselves in financial dif- 
ficulty and those who receive bills for 
excessive quantities of water resulting 
from a leak or other loss. Cases in- 
volving customers who are unable to 
pay within the prescribed time are han- 
dled individually and without the in- 
convenience of service discontinuance, 
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if the customer can conclusively dem- 
onstrate that the delinquency will be 
remedied within a few days. 


Bill Adjustments 


When the reason for an unusually 
large bill is positively traced to a leak 
or other loss of water, the bill is ad- 
justed. Adjustments of this type can 
be made only after repairs have been 
completed and when it is reasonably 
certain that the leak or loss will not 
be repeated. It is further provided 
that no more than one bill adjustment 
or allowance for a leak or loss shall be 
made to the same customer or for the 
same premises within any 12-month 
period. 

Adjustments of this type are readily 
justified, as the customer did not use 
or otherwise receive any benefit from 
the water. The adjustment is deter- 
mined by deducting the quantity of 
water represented by the customer’s 
average bill, with the remaining water 
being the excess amount subject to 
adjustment. The excess quantity is 
billed at the lowest rate provided in 
the rate schedule, resulting in the 
leaked or lost water being paid for as 
though it were sold to a large con- 
sumer. If, by then making the lowest 
rate applicable, the utility recovers all 
of its production costs, nothing has 
been lost, and some collection problems 
may have been eliminated with the 
reduction of an otherwise excessive 
bill. 

Whenever the meter readers en- 
counter a service for which the meter 
has recorded a substantial increase 
over its normal rate of consumption, a 
notice is left with the customer. This 
notice calls the increase to the cus- 
tomer’s attention and advises him that 
if he cannot account for that volume 
of use to contact the commercial office. 
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Whenever a customer complains or 
inquires about a high meter reading 
or billing, a field inspection is made 
of the premises to determine if a leak 
or loss has occurred. The inspectors 
are trained to use this opportunity to 
explain the workings of the water 
meter and the procedures of reading 
and billing. This type of program is 
useful in eliminating the usual cus- 
tomer complaints about overreading, 
reporting readings without visiting the 
meter, and confusing one meter read- 
ing with that of another account. 


Past Experience 


It has been Vallejo’s experience that, 
although delinquencies cannot be com- 
pletely eliminated, they can be held to 
a minimum by: 

1. Taking every opportunity to edu- 
cate the consumer public about the 
water company’s activities, methods, 
and policies 

2. Adopting a billing and collection 
procedure that is realistic, and firmly 
enforcing the procedures with courtesy 
and tact, treating all customers fairly. 

It is clearly evident that lax proce- 
dures or weak enforcement of billing 
and collection will decrease or delay 
earned income. Delinquencies breed 
delinquencies—that is, to allow delin- 
quencies to go unchallenged is to have 
them pyramid rapidly throughout the 
service area. A utility cannot engage 
in idle threats. There are some people 
who will take the easy way out—they 
will defer and frequently attempt to 
avoid their obligation if the utility fails 
to carry out its announced collection 
regulations. Regardless of regulations, 
ordinances, or policies, the job of bill- 
ing and collection requires public edu- 
cation and personnel who are alert, 
diligent, and persevering in their ef- 
forts and who do not overlook any 


opportunity to follow up and attempt 
to collect delinquent accounts. 
Vallejo’s records indicate that ap- 
proximately 20 per cent of the custom- 
ers relocate within the service area of 
the municipal water system each year, 
and that about 2 per cent move to loca- 
tions served by other companies. 
Experience has shown that, although 
approximately 8 per cent of the sys- 
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tem’s dollar billing is delinquent dur- 
ing any billing period, less than 0.2 
per cent of the total billing is uncol- 
lected after 12 months. This is not 
intended to mean that uncollectible 
accounts, regardless of how small the 
percentage, are acceptable. The utility 
does not write off these accounts as 
loss but continues, in every way pos- 
sible, to try to collect them. 


A paper presented by Kenneth D. McCloskey, Mgr., Commercial Div., 


The collection procedures and poli- 
cies used by any utility are the result 
of a series of compromises designed to 
safeguard the utility against loss of 
revenue and still maintain good cus- 
tomer relations. These compromises 
attempt to encourage and eventually 
force a customer to pay and, at the 
same time, keep him reasonably happy 
with the utility. They attempt to 
apply to both the conscientious cus- 
tomer who occasionally forgets to pay 
and the chronic delinquent who tries to 
outsmart the utility. They attempt to 
meet the credit needs of the utility and 
yet not differ too radically from what 
may be accepted as standard credit 
practice in the community. Thus, col- 
lection procedures are more apt to be 
the result of human judgment than 
the result of scientific formula. The 
practices of the East Bay Municipal 
Utility District (EBMUD) are no ex- 
ception to this. 


Organization 

To describe clearly the collection 
procedures of EBMUD one should 
first describe the organizational rela- 
tionship of the units that are involved 
in these procedures. The accounting 
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division reads the meters, prepares and 
mails the bills, sends out notices of 
delinquency, and maintains all records 
of customer payments and customer 
deposits. The commercial division re- 
ceives customer payments, takes nec- 
essary action to enforce customer pay- 
ments, determines credit requirements, 
and handles any customer complaint 
regarding the accuracy of the bill. 
The accounting functions are per- 
formed in a central location; the com- 
mercial functions are performed in six 
decentralized business offices located 
conveniently in the service area of the 
district. 


Methods of Payment 


Customers of EBMUD have a num- 
ber of choices as to how and where 
they may pay their bills. The business 
offices collect approximately 12 per 
cent of the revenue. Drive-in win- 
dows have been provided for the 
convenience of customers in the dis- 
trict’s three newest business offices, 
and a fourth office is scheduled for 
installation within the next 6 months. 
Slightly less than half the collections 
of these offices are made at drive-in 
windows. Business office field per- 


= 
. 


Sep. 1961 


sonnel collect an additional 1 per cent 
of revenue from their work on delin- 
quent accounts. 

Most of the bills are paid by mail. 
During the 6-month period October 
1960-—March 1961, mailed bills 
amounted to 74 per cent of all bills 
paid. Banks and other agencies ac- 
counted for the remaining 13 per cent 
of the revenue. Five of the district’s 
agencies have self-service depositories. 
All payments are picked up each day, 
and the account records give an up-to- 
date status of customer payments. 


Collection Procedure 


The customer receives his bill 5 
working days after his meter is read. 
He automatically receives a reminder 
notice 25 days later if his bill has not 
been paid, and 17 days later he re- 
ceives a two-item bill and a final no- 
tice advising him to pay on a certain 
date to avoid an interruption in serv- 
ice. By this time, 47 working days 
have elapsed since his meter was first 
read. Two days later, the accounting 
division checks the two-item notices 
for payment and sends the unpaid bills 
to the appropriate business offices for 
collection action. The unpaid bills 
amount to approximately 3 per cent 
of all the bills. 

At this point, the commercial divi- 
sion comes into the picture. An at- 
tempt is made to communicate with 
the delinquent customer by telephone ; 
this is accomplished in about one-third 
of the cases. When the customer can 
be reached, every effort is made to 
commit the customer to pay his bill 
within a very few days. This has 
proved to be quite effective and effi- 
cient, especially when employees are 
properly trained and have a good tele- 
phone personality. 
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All delinquent accounts that have 
not been reached by phone are turned 
over to field forces the following day 
for collection action. Field forces are 
also given those accounts that failed 
to comply with their telephone commit- 
ments. It is necessary and desirable 
to give field personnel a_ certain 
amount of latitude in granting modest 
extensions of time when this is the 
reasonable thing to do. It is obvious, 
however, that such extensions cost 
money in manpower and _ increased 
risks, and there is a limit to how much 
one can spend to effect collections. 
The district tries to limit extensions 
to approximately 3 days. 

If no reasonable and satisfactory ar- 
rangement for payment can be made 
with the customer, his meter will be 
locked. This unpleasant experience 
happened once for every 280 bills 
submitted in 1960, a percentage of 0.3. 
If water is turned off for failure to 
pay a bill, a penalty charge of $2 is 
made for turning on the service. 


Closing Bills 


The procedure for collecting closing 
bills is similar to that for collecting 
routine bills, but is a longer process. 
The customer does not receive his bill 
quite as soon after the meter is read 
because of the special handling re- 
quired. Approximately a month after 
the customer receives his closing bill, 
action to collect the bill is begun. 
Normally this begins with a low- 
pressure reminder letter. If the bill 
is more than $1 and the customer’s 
new residence is in the district’s serv- 
ice area, a followup is made in 2 weeks 
with a call on the customer. This 
process is repeated 2 weeks later with 
a stronger letter, and another attempt 
is made to collect the bill. A final 
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letter informing the customer that his 
bill will be turned over to a collection 
agency is mailed 2 weeks later. 

On the third Thursday of each 
month, the accounting division takes 
from the suspense file all closing bills 
4 months old or more and sends them 
to the business office for review. The 
business office indicates those few ac- 
counts that should not be turned over 
to the collection agency. The balance 
of the accounts are turned over to the 
agency at this time, after approxi- 
mately 5 months of collection action 
have passed. 


Collection Agencies 


EBMUD has had very good luck 
with collection agencies. Currently, 
the collections from agencies are ap- 
proximately $8,000 per year, or close 
to one-third of the amount of the bills 
assigned to them. The use of a col- 


lection agency probably is helpful too 
because of the psychological value it 
has when referred to in conversations 


with delinquent customers. The aver- 
age person will think twice before he 
permits himself to get into the clutches 
of a collection agency. Many custom- 
ers pay the district directly, even after 
they have been called in by the agency. 

EBMUD has been very careful in 
selecting collection agencies. It uses 
two agencies that do collection work 
for the other utilites in the area. This 
gives the district a great advantage, 
as the agencies can afford to spend a 
considerable amount of followup time 
on one of the district’s delinquent cus- 
tomers if he also has delinquent tele- 
phone and electric bills. The agencies 
have been satisfactory also because 
they use relatively low-pressure col- 
lection methods that are effective in 
most instances without causing too 
much customer resentment. The 
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agreement with the agencies precludes 
them from suing a delinquent customer 
without the district’s permission. 


Deposits 


The district’s policy is to require a 
deposit from each residential customer 
who does not satisfy at least one of 
these conditions : 

1. The customer has had prior dis- 
trict service for a period of at least 1 
year and has a satisfactory payment 
record. 

2. The customer is currently em- 
ployed by an established firm or com- 
pany or a governmental agency and 
has been with this company for a 
minimum of 1 year. 

3. The customer has been self- 
employed, a building trades worker, 
or engaged in some other independent 
activity for a minimum of 1 year and 
has a record of stable employment. 

The employment must be local, un- 
less the customer’s past work his- 
tory indicates exceptional stability of 
employment. The job itself should be 
the type that is likely to result in stable 
employment. 

Deposits are collected from a new 
commercial or industrial customer un- 
less one or more of the following con- 
ditions are satisfied : 

1. The customer is part of a firm 
that has established a satisfactory dis- 
trict credit rating and is doing busi- 
ness in the same name. 

2. The customer is part of a large 
national or statewide firm. 

3. The service is taken out in the 
name of a customer who has estab- 
lished a_ satisfactory district credit 
rating for a comparable service. 

The minimum deposit required is 
$15. This is the deposit for a resi- 
dential customer and would apply to 
many of the smaller commercial firms. 
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Deposits are established to equal ap- 
proximately 2.5 times the estimated 
average bill. This represents the aver- 
age length of time a customer may 
use water without its being shut off 
because of nonpayment of bills. 

A deposit is refundable after 1 year, 
provided the customer has a satisfac- 
tory payment record. The refund may 
be made at the business office, or the 
customer may request a refund by mail. 
If the customer has not requested a 
refund within 1 year from the date he 
becomes eligible for it, the district 
mails a refund check to him. Obvi- 
ously, the customer also becomes eligi- 
ble for a refund on termination of 
service, if he has paid his bills. No 
interest is paid on customer deposits. 

A customer may be required to re- 
establish his credit because of repeated 
delinquency in the payment of his bills. 
In such instances, he must put up a 
guarantee deposit in the same amount 


as any new customer who cannot meet 
the credit requirements of the district. 

The district has gone through sev- 
eral cycles in its policy on deposit re- 


quirements. At the present time, the 
requirements are about as rigorous as 
they have ever been. This has had 
the desirable effect of bringing the dis- 
trict’s writeoff down to a very low 
figure. During the last fiscal year, the 
writeoff was 0.11 per cent of revenue. 
This means that the district collected 
$99.89 of every $100 billed. The 
writeoff per account during the same 
period was 6.6 cents. 


Future Plans 


Pleased as the district is about its 
collections, it feels that it must criti- 
cally appraise its policies and proce- 
dures from time to time. It must de- 
termine whether collections have re- 
sulted in the best possible balance be- 
tween the needs of the district and the 
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needs of its customers. At the present 
time, the district is critically examining 
its deposit requirements, collection fol- 
lowup, and employee selection and 
training. 

Even though EBMUD has few 
really serious complaints about its de- 
posit policy, it realizes that the policy 
adversely affects customer relations. 
In an attempt to modify this policy, 
the district has developed a system for 
the coding of all residential accounts. 
With this system, a customer’s code 
would indicate the number of times 
he had been delinquent during the pre- 
vious 12 months. A zero would be 
perfect; a six would mean that the 
customer had been delinquent on every 
bill. The new customer would be 
given a special code. Collection action 
would be varied depending on the cus- 
tomer’s delinquency pattern. If he 
was rarely delinquent, the district 
would not worry too much about him 
and would spend little time trying to 
collect his bill. On the other hand, 
both a customer who was often delin- 
quent and a new customer would be 
subjected to much more drastic collec- 
tion action. The district believes that 
it could make its efforts at collection 
much more effective if it had this kind 
of system, and conceivably could even 
have a better collection record with 
less effort and expense than with its 
present system. Of almost equal im- 
portance is the fact that the district 
might be able to discontinue the col- 
lection of deposits from most of the 
new customers who do not now meet 
the credit requirement. 

Deposit requirements on commercial 
and industrial accounts would be con- 
tinued on approximately the same basis 
as at present. The major difference 
would be that the deposit would be 
retained for a longer period of time. 
Some of the biggest commercial risks, 
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such as restaurants and launderettes, 
probably should have a deposit reten- 
tion schedule of approximately 5 
years. 

EBMUD is planning to revise its 
collection letters and forms. These 
have not been changed for several 
years, and the district believes that it 
can modernize the letters and forms 
and improve their effectiveness. This 


could be most helpful in reducing man- 
days spent on some of the more routine 
collections. 

One of the greatest areas of pos- 
sible improvement lies in the field of 
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better employee selection and training. 
The district has found, for example, 
that certain employees have an amaz- 
ing knack of talking a delinquent cus- 
tomer into paying his bill. On the 
other hand, some employees seem not 
only to be exceptionally unpersuasive 
but also to antagonize the customer. 
The district is trying to refine and 
raise the minimum qualifiations for 
hiring and to use oral boards for 
screening prospective employees. Un- 
doubtedly, much could be done to train 
employees to make them more effec- 
tive with customers. 


Water Service Company 
Lindberg 


A paper presented by Ralph D. Lindberg, Vice-Pres. & Treas., Cali- 
fornia Water Service Co., San Jose, Calif. 


Every business extending credit has 
the problems of collecting bills and 
dealing with delinquent accounts. As 
it is not practical to provide water serv- 
ice On a pay-as-you-go cash basis, a 
water utility is in the credit business 
and must face the problems incident 
to that mode of business. Although a 
water utility may discontinue service 
for nonpayment of bills, this procedure 
is neither desirable nor inexpensive, so 
that the basic objective for a water 
utility is the same as that for any other 
business : to make collection at the least 
cost and maintain the goodwill of the 
customer. 


Billing 

The California Water Service Co. 
owns and operates seventeen water 
systems designated as districts. The 
customers’ bills are prepared in a cen- 
tral billing plant, but all other cus- 
tomer accounting is decentralized or 
performed in the district offices. A 
postcard type of bill for monthly serv- 


ice is sent by first-class mail to each 
customer. 

The company follows the practice of 
establishing agencies in drug stores, 
variety stores, gift shops, and other 
stores for the customer’s convenience 
in paying bills. The agencies have 
authority only to collect current bills; 
they do not have authority to accept 
applications for service or receive com- 
plaints. For the company as a whole, 
approximately 15 per cent of all bills 
are paid through store agencies, but 
the percentage varies considerably 
among localities. In some districts, 
collections by agencies exceed 25 per 
cent of the total. The percentage of 
bills paid by mail also varies in dif- 
ferent communities, from approxi- 
mately 50 per cent to 75 per cent of 
the total bills paid. 


Reminder Notice 


The bill mailed to the customer con- 
tains a statement or notification that 
the bill is due and payable upon pres- 
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entation and will become delinquent if 
not paid within 15 days after presenta- 
tion. But if payment is not received 
within the 15 days, no reminder action 
is taken during the first month. If 
full payment is not received prior to 
the next billing date, the delinquent 
balance is entered as a separate item 
on the next month’s bill, and a re- 
minder sticker may be attached to the 
bill, As postal regulations prohibit 
dunning requests on bills mailed as 
postcards, no matter how politely 
worded, the bill with the reminder 
notice must be mailed in an envelope 
requiring 1-cent additional postage.* 

Sampling tests in selected districts 
have indicated that the effectiveness of 
reminder notices requiring additional 
expense is questionable. In order to 
appraise further this phase of the col- 
lection procedure, selected districts are 
at the present time mailing 2-month 
bills (current month plus delinquent 
balance) without reminder notices; 
other selected districts are affixing the 
stamp impression “due from prior pe- 
riod” opposite the delinquent balance. 
A favorable ruling has been obtained 
from the post office that these words 
may be used without inserting the bill 
in an envelope. 


Final Notice 


If no response is received from the 
customer, the 2-month bill is followed 
by a final or shutoff notice. The nor- 
mal procedure is to mail the final no- 
tice 10-20 days after the mailing of 
the bill carrying the delinquent bal- 
ance. The number of final notices 
prepared and the time passed since 


* A phrase like “Reminder Notice—Please 
Pay Promptly” may, however, be used on 
a postcard bill. It is best to get a specific 
ruling from the local post office on what is 
acceptable.—Ebitor. 
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the mailing of the last bill must be 
correlated with the collection force 
available for timely followup on ac- 
counts that are not paid within the 
period allowed. On the average, more 
than 75 per cent of the accounts re- 
ceiving final notices will respond with 
payment. In some areas, however, 
home calls by collectors will be re- 
quired for 50 per cent of the notices; 
in other areas, for only 10 per cent 
of the notices. Adjustments in the 
scheduling of collection work are made 
from time to time in accordance with 
the experience of individual districts. 

The time limit entered on the final 
notice must be at least 6 days from 
the date of mailing and must not fall 
on a Saturday, Sunday, or holiday. 
The collector has authority to grant 
extensions of time if there is sickness 
in the family or if payment is promised 
within 2 days. Local management is 
given complete discretion with respect 
to the latter circumstance in order to 
deal effectively with chronic delin- 
quents. Also, at the discretion of local 
management, shutoffs for nonpayment 
are not made after certain hours in 
the afternoon, in the interest of mini- 
mizing the number of turn-ons after 
working hours. 

The employees assigned as collec- 
tors for the company do not wear a 
uniform but carry identification cards. 
They are instructed to be neat in ap- 
pearance and courteous in manner. In 
most areas, they are expected to aver- 
age about four calls per hour. 


Deposits 


The rules and regulations filed with 
the public utilities commission permit 
the company to collect a meter deposit 
from applicants establishing credit who 
do not meet any one of three condi- 
tions—the applicant : 
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1. Is the owner of the premises or 
other real estate in the area 

2. Furnishes a satisfactory guarantor 

3. Has been a customer within the 
past 2 years and has not had his serv- 
ice shut off for nonpayment during 
the last 12 months of service. 

The rules also permit the collection 
of a deposit, before restoring service, 
from customers whose service was dis- 
continued for nonpayment. The de- 
posit must be refunded, together with 
interest, after the customer has paid 
his bills within 15 days after presenta- 
tion for 12 consecutive months. 

As a general rule, the company has 
found that the bookkeeping required 
to maintain the “prompt payment rec- 
ord” is not commensurate with the 
value of the deposit. Often a good 


customer will pay his bill each month 
but will fail to meet the 15-day require- 
ment because the company’s cycle bill- 
ing does not correspond to his pay 


day or check-writing day. Also, full 
followup on the collection is usually 
required, because the amount of the 
deposit is less than the total amount 
of the bill. The company has, there- 
fore, made local management respon- 
sible for the evaluation of credit risks 
and has permitted management to use 
discretion in either requiring a deposit 
or waiving it in instances when a de- 
posit is permitted under the rules filed 
with the public utilities commission. 


Closing Bills 


The company’s followup procedure 
on closing bills, when the customer 
has moved from the service area, con- 
sists of four attempts by mail to effect 
collection before the account is turned 
over to a collection agency. The mail- 
ings consist of: closing bill, reminder 
closing bill notice, first collection let- 
ter, and second collection letter. The 
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mailings are made at 15-day intervals, 
with each action entered on an index 
card placed in a 15-day file. Each 
day, the cards due for action that day 
are checked. If the bill is still unpaid, 
the communication next in order is 
mailed, posted on the card, and the 
card placed 15 days ahead in the file. 
If two successive communications are 
returned by the post office, the routine 
is no longer followed, and the account 
is given to a collection agency. 


Bad-Debt Loss 


Each office maintains a bad-debt 
card file of accounts uncollected during 
the 4 preceding calendar years. The 
file is kept at the counter and referred 
to each time a prospective customer 
applies for service. In evaluating the 
effectiveness of a collection system, 
consideration should be given the cur- 
rent status of the accounts, the percent- 
age of bad-debt loss, the amount of 
collection expense in relation to prompt 
payment and bad-debt loss, and, very 
important, proper relations with the 
customer. 

Approximately 20 per cent of Cali- 
fornia Water Service Co. accounts are 
billed as 2-month accounts; 1.5 per 
cent as 3-month accounts. A bad-debt 
loss of less than 0.2 per cent of reve- 
nues is maintained. The maintenance 
of this favorable bad-debt loss, how- 
ever, has required collection expenses 
equal to twice the amount of the bad- 
debt losses. The company has found 
that any curtailment in collection ac- 
tivities almost immediately results in 
increased delinquent accounts. Ideally, 
there should be a proper balance be- 
tween the amount of delinquent ac- 
counts, bad-debt loss, and related ex- 
penses. Jf this goal is to be reached, 
collection procedures must be con- 
stantly reviewed and changed. 
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Angeles, Calif. 


Although water is an essential com- 
modity, its general availability is such 
that almost everyone who is not con- 
nected with an organization serving 
water to the public takes water service 
for granted. Almost every customer 
who receives water service pays his 
bill. Only a small number who de- 
mand the service do not pay their bills, 
making legal action necessary. 


Importance of Applications 


Before legal action to effect collection 
of delinquent bills is discussed, consid- 
eration should be given to preventive 
action with regard to bill collection. 
The steps taken when a person applies 
for water service should be examined 
thoroughly. 

An application complete with infor- 
mation establishing the applicant’s 
identity, credit status, location to be 
served, and signature helps minimize 
the need for future legal action. In 
this regard, an appropriate slogan is 
“an application well taken is an ac- 
count half collected.” 

An application for service has to be 
taken if only to learn the location to 
be served. The cost of obtaining a 
complete application is always a factor 
for consideration. The cost of the 
additional time of the service repre- 
sentative, whether he deals with the 
applicant in person, by mail, or by 
telephone, has to be considered and 
compared with the efforts that might 
be needed at a later date to learn thie 
whereabouts of the customer who has 
not paid his bill. 
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If an application is taken, it should 
be processed first to enable the utility 
to commence service as soon as pos- 
sible. Thereafter, it should go imme- 
diately to the credit unit for review. 
The credit manager and his staff can 
quickly reexamine the application and 
determine the need for more informa- 
tion. Perhaps a deposit is needed be- 
cause the applicant is a poor credit 
risk or is in a risk business, such as 
a restaurant, which can be opened and 
closed between billing periods. 

When the credit unit has finished 
its work, the application should be 
filed. If the applicant was a former 
customer who did not pay his bills, 
such information should be in the ap- 
plication file. At this time, the file 
clerk should check to see if an old 
bill has not been paid and start col- 
lection procedures to have the cus- 
tomer pay it. 


Location of Former Customer 


After deliberate efforts have been 
made by service representatives to take 
an application that is complete in every 
detail, and after the credit manager 
has required the maximum deposit 
permitted by the rules, further action ° 
must be taken against the customer 
who has incurred a large bill that he 
has not paid. Reminders, letters, and 
the efforts of telephone and field col- 
lectors may be in vain. As a last re- 
sort, if the amount of the bill is greater 
than the minimum established for legal 
action, the bill is referred to an attor- 
ney for collection. 
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Filing a lawsuit is very easy, but 
unless the former, delinquent customer 
is located and his assets discovered, a 
lawsuit serves no useful purpose. Lo- 
cating a former customer is essential 
so that he can be served with the 
process of the court to make him re- 
spond to the court’s orders. A former 
customer who has not paid his bill is 
usually not cooperative and generally 
does not voluntarily disclose his where- 
abouts. But very often he can be 
located. 


Public Agencies 


Postal service. The postal service 
can help locate a former customer in 
two ways. A letter is sent by certi- 
fied mail with instructions that it be 
delivered to the addressee only, and 
that the receipt showing the address 
where it was delivered and the signa- 
ture of the addressee be returned to 
the sender. The letter will be for- 
warded wherever possible to the for- 
mer customer who is the addressee. 
The postal service also furnishes direc- 
tory service in certain areas. A special 
card is sent to the former customer’s 
old address; if he has left a forward- 
ing address, the area post office will 
return the card showing the new 
address. 

Department of motor vehicles. The 
department of motor vehicles has two 
divisions that will supply information: 
the division of drivers’ licenses and 
the division of vehicle registration. 
From the former, information about 
the height, weight, age, and signature 
of the person to whom a driver’s li- 
cense was issued can be obtained. 
From the vehicle registration division 
can be obtained the address of the legal 
owner of a vehicle to whom the for- 
mer customer may be making install- 
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ment payments. If he is, the legal 
owner may have his latest address. 
If the former customer has complied 
with the law and notified the motor 
vehicle department of his new address, 
both divisions will have it. 

County and city clerks. The county 
clerk’s office has records of corpora- 
tions, partnerships, or persons using 
fictitious firm names. The county 
clerk also issues licenses of various 
kinds in the unincorporated areas of 
the county. 

The city clerk issues licenses within 
the incorporated areas of the city. 
He also maintains records of the 
ownership of all real property within 
the city limits, including the legal de- 
scription of the propery, the names 
and addresses of the persons to whom 
the property is assessed for tax pur- 
poses, and the address of the property. 
These records may not be up to date 
for the purpose of locating the former 
customer; although he might sell his 
property interest, the records are not 
changed until after the sale has been 
recorded. 

County recorder. The county re- 
corder’s office has copies of all docu- 
ments recorded in his office. Usually 
these documents pertain to real prop- 
erty. The documents are indexed ac- 
cording to name. 

County assessor. The county asses- 
sor prepares the tax assessment roll 
listing the owners in alphabetical order, 
together with a description of property 
for which there has been an assessment 
for taxes as of the first Monday in 
March of each year. 

Registrar of voters. The registrar 
of voters maintains an ever changing 
list of those eligible to vote. Although 
not as current as property records, 
the list contains descriptions of people, 
their signatures, and their latest ad- 
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dresses. In many instances, occupa- 
tions are also listed. 

Public welfare agency. Although 
the agency’s information is treated as 
confidential, it has to disclose some of 
its information when calling a utility 
for assistance, as when an attempt is 
made to locate a person obtaining wel- 
fare benefits illegally. On a basis of 
reciprocity, information is exchanged, 
and both the utility and the agency 
benefit. 

Public school system. The public 
school system is an excellent source 
of information. If the former cus- 
tomer has children of school age and 
has moved, the school system transfers 
records to the new school the children 
are attending. 

Police department. Occasionally the 
police department can be of assistance 
in confirming that a former customer 
is in custody. 


Private Agencies 


Fewer private agencies than public 
agencies are available for furnishing 
information, but they can be very help- 
ful in locating a former customer. 

Other utilities. The service areas of 
the telephone, gas, or electric com- 
panies are not usually the same as 
that of the water utility, although there 
is considerable overlapping of areas. 
Usually a person who does not pay the 
closing bill of one utility will not pay 
the bill of another utility. When the 
former customer has moved, either to 
the service area of another utility or 
to a different area of the same utility, 
the utility serving him is interested in 
learning about his record of past pay- 
ments. This utility will exchange in- 
formation with the previous utility, 
disclosing the new address of the for- 
mer customer, for information about 
his record of payments. The utilities 
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currently serving a customer may not 
be able to collect a delinquent bill for 
another utility, but by demanding a 
deposit and coding this customer as a 
poor risk, they are able to minimize 
their own loss and make clear to the 
customer the consequences of failing 
to pay a utility bill. 

Title company. Most information 
kept by a title insurance company re- 
lates to titles to land in the county, but 
the company also maintains informa- 
tion concerning the identity of persons 
interested in the particular property 
being served by the utility. The state- 
ment of identity usually required by 
the title company contains, among 
other things, a person’s past residen- 
tial addresses. If arrangements can 
be made to have access to these rec- 
ords, another valuable source of infor- 
mation is available to trace the former 
customer. 

Credit and financial institutions. 
Other private agencies from which in- 
formation is obtainable are the credit 
reporting services, such financial insti- 
tutions as banks, savings and loan as- 
sociations, or finance companies, and 
large businesses doing a credit or in- 
stallment business. Credit reporting 
services, such as Dun and Bradstreet, 
are available for information on busi- 
ness ventures but usually cannot sup- 
ply any information on a residential 
account. Some services specialize in 
supplying such information about indi- 
viduals, but the cost of the service may 
outweigh its usefulness. Financial in- 
stitutions usually deal with larger 
sums than does the water utility and 
are therefore interested in learning 
a great deal about their borrowers. 
Their application form may contain 
more detailed information than the 
utility’s and may be helpful in locating 
the former customer. 
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Private persons. Private persons 
may be very helpful in supplying in- 
formation. If a landlord has not been 
paid by the utility’s former customer, 
he is also looking for the customer. 
The landlord may know the name of 
the firm that moved the customer or 
have other helpful facts. The cus- 
tomer’s former employer may be able 
to supply an address to which he has 
sent a W-2 form, or a neighbor may 
be able to give the utility the new 
address. 


Assets of Former Customer 


When the whereabouts of the former 
customer has become known, it is nec- 
essary to locate his assets, which usu- 
ally consist of his job and his home. 
If the former customer owns his home, 
information available from the title 
company becomes invaluable. The lot 
book shows the date of purchase, the 
amount of the encumbrances, and other 
matters of record, such as the home- 
stead. An evaluation can be made of 
the equity. When the former cus- 
tomer tries to move from the area and 
sell his equity, an attachment lien or 
judgment lien obtained by the water 
utility usually must be paid before the 
title to the property can be transferred. 

The most important asset of the 
former customer is his job, informa- 
tion about which should be on a well 
taken water service application. Usu- 
ally arrangements to obtain payment 
can be made through the employer. 
The employee is more willing to co- 
operate when his employer is involved 
in the arrangements. If the former 
customer is employed by a large com- 
pany, he can usually borrow money 
from the company credit union or 
other facilities set up to aid employees. 
If the customer has changed jobs, a 
check with his neighbors or his credit 
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references may reveal the name of his 
new employer. 


Legal Action 


When the former customer is lo- 
cated and his place of employment is 
known, an effort should be made to 
persuade him to pay and avoid a law- 
suit. He can be dealt with more easily 
at his place of employment, because 
he does not want to lose his job, and 
will usually make arrangements for 
installment payment of the obligation. 

At this point, he should be made to 
sign both a “payment extension agree- 
ment,” which provides for the payment 
of the obligation by periodic payments, 
and a “confession of judgment,” which 
is used only if he fails to make the 
payments and which is the equivalent 
of a judgment obtained after a lawsuit. 

If the former customer is still un- 
cooperative, a lawsuit should be filed. 
If, under local law, the amount of the 
bill is large enough, a levy may be 
made on the salary or real property. 
Generally, mentioning this possibility 
brings an uncooperative customer to 
terms. 

The action is filed in municipal 
court, which requires formal written 
pleadings, as distinguished from small- 
claims court, where the proceedings 
are informal. The formal pleadings 
are printed ; space on the form is avail- 
able for the name of the person being 
sued, the amount due, and the date of 
the closing bill. The forms are com- 
pleted, signed, and filed. The court 
issues the summons, and the former 
customer is served with a copy of the 
formal pleading (the complaint) and 
the summons. Sometimes a writ of 
attachment is obtained from the court. 
This writ, together with instructions, 
is given to the sheriff. The sheriff, 
following instructions, levies on the 


4 
= 
ic 


salary or the real property of the for- 
mer customer. 

The advantage of using the munici- 
pal court instead of the small-claims 
court is that the formal complaint re- 
quires a formal answer. The former 
customer seldom, if ever, files an an- 
swer. After he has been served with 
the copy of the summons and com- 
plaint, he has 10 days to file his an- 
swer. If he fails to answer, a default 
judgment is obtained against him. 
In the unusual case when an answer is 
filed, the matter is set for trial. 

After the judgment has been ob- 
tained, an abstract of it, received from 
the clerk of the court, is recorded in 
the county recorder’s office. This ac- 
tion results in a judgment lien being 
placed on record; the lien attaches to 
any real estate the former customer 
owns or will acquire within the follow- 
ing 10 years. The abstract is always 
requested and recorded, unless the 


former customer makes arrangements 
for payment. A writ of execution is: 


generally requested when assets of the 
customer have been located, and a levy 


is frequently made on his salary. Very: 


seldom is a levy made on his automo- 
bile, because usually more is owing to 
the legal owner than it will bring on 
forced sale. Before a levy is made on 
a business, the utmost caution should be 
used because of the expense and com- 
plications involved. A levy on a bank 
account, if the former customer has 
one, is very effective. 

To avoid the unfavorable publicity 
of a forced sale of the home, a levy 
with a writ of execution is usually not 
made. The judgment lien generally 
provides enough protection, so that 
when a sale of the home is attempted, 
the judgment must be paid before the 
title can be cleared. 

When the former customer does not 
have any discoverable assets, an order 
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may be obtained from the court requir- 
ing his personal appearance in court. 
There, he is sworn and then may be 
questioned about his assets, his earn- 
ings, and his related activities. Fre- 
quently, the former customer, now the 
judgment debtor, does not care to be 
cross-examined about his activities 
and, consequently, becomes more co- 
operative. He makes arrangements 
for payment of the judgment rather 
than go to court, lose time from work, 
and discuss his private affairs in public. 

The active pursuit of former cus- 
tomers to obtain payments of delin- 
quent bills not only brings in a large 
percentage of the money sought but 
also helps to inform would-be debtors 
that vigorous efforts to collect bills will 
be made. 


Bankrupt Customer 


If a customer has filed a petition 
to be adjudicated a bankrupt, there is 
really little a water utility can do ex- 
cept to file a claim for the debt within 
6 months after the petition is filed. 
The utility cannot discontinue future 
service because of the customer’s fail- 
ure to pay the past debt, which was 
listed in the petition and discharged. 
It can demand a deposit for future 
service or, if the bankrupt person is 
willing to pay the old bill, accept peri- 
odic payment on the old account after 
the date of discharge. The customer 
can demand, and must be given, water 
service if he complies with the rules, 
for, as far as the law is concerned, the 
unpaid water bill is discharged and 
wiped out by the bankruptcy as if it 
had been paid in full. 


Deceased Customer 


Another type of unpaid bill is one 
that survives the customer. This bill 
should be apportioned. For the serv- 
ices rendered prior to the date of death, 
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a formal claim must be filed with the 
executor or administrator of the es- 
tate; for the portion after the date of 
death, a bill should be sent to the ex- 
ecutor or administrator as an “expense 
of administration.” The formal claim 
has to be approved by the executor or 
administrator, then by the court. If 
the estate has funds, the claim will 
eventually be paid. The portion called 
the expense of administration has to 
be paid immediately. 


Summary 


Before legal action is taken against 
a delinquent account, the size of the 
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bill and the overall situation has to be 
evaluated. The cost of the collection 
operation and the chances of collecting 
the bill must be kept in mind. If the 
bill is small, it may not be worth the 
cost of legal action. If the customer 
is a known bad risk, without assets, 
and on the public assistance rolls, legal 
action may not accomplish much. But 
in the greater number of cases, the 
customer usually can be forced to pay 
the bill. In these cases, legal action 
does result in recovering enough 
money not only to pay the expenses of 
maintaining such an effort but also to 
add a considerable amount to the rev- 
enue of the water utility. 
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Use of Microwave Radio in Telemetering 


Harrison T. Randolph 


A paper presented on Nov. 4, 1960, at the Chesapeake Section Meet- 
ing, Washington, D.C., by Harrison T. Randolph, Electrical Engr., 


HIS article will discuss some of the 

problems, procedures, and equip- 
ment that should be carefully consid- 
ered in laying out a short-wave or 
microwave telemetering system. Such 
systems are presently used in isolated 
areas, over great distances, or in very 
special situations where they have 
been found to be more practicable 
and economical than leased telephone 
wires. 

At this time, microwave equipment 
comes at a very high first cost, but 
will undoubtedly drop considerably in 
price as more use is made of it. With 
these costs and the complexity of the 
equipment in mind, it should be em- 
phasized that with a microwave tele- 
metering system, special care is re- 
quired in selecting the equipment best 
suited for a given application. FCC 
is now assigning frequencies in the 
microwave range of the spectrum for 
telemetering purposes, so the emphasis 
here will be on microwave rather than 
short-wave equipment. 

As for telemetering, various sys- 
tems have been in use for a number 
of years. The general function of tele- 
metering is to provide a means of 
transmitting electrical signals from 
points of transmission to receiving 
points located at a distance. For 
example, the Washington Suburban 
Sanitary Commission at Hyattsville, 
Md., has systems by which pressures, 
flows, and temperatures are recorded, 
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and through which pressure-reducing 
valves are remotely controlled. 

In the early stages of telemetering, 
only one signal impulse was trans- 
mitted at a time over a pair of tele- 
phone lines because at that time the 
telephone company made a channel 
charge for each simultaneous pulse or 
function. In order to escape this 
charge, the early system made use of 
a sequencing unit that would transmit 
one function at a time over a pair of 
telephone lines, so that in the course 
of a few minutes, several functions 
could be transmitted over the same 
pair of lines in a predetermined se- 
quence. In other words, the functions 
to be transmitted were separated me- 
chanically by means of a sequencing 
or cam-timer arrangement at both the 
transmitter and receiver ends. Now, 
however, the telephone company leases 
a pair of lines and permits several 
functions to be channeled simultane- 
ously at no extra charge. Hence, 
many of the more recent telemetering 
systems have employed audio tone 
(frequency) as a transmitting agent 
of the electrical impulses. In this sys- 
tem numerous audio tones can be 
sorted or filtered at the receiver, mak- 
ing simultaneous reception of several 
functions possible. 


Properties of Microwaves 


In a microwave telemetering sys- 
tem, the greater proportion of prob- 
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lems to be studied and resolved have 
to do with microwave frequencies as 
a transmission medium. Microwaves, 
as the name implies, are very short 
electromagnetic waves, which means 
that microwave radio frequencies must 
be correspondingly very high (the 
higher the frequency the shorter the 
wave length). 

Because of the high frequency posi- 
tion occupied by the microwaves, and 
their close proximity to light waves 
(Fig. 1), microwaves in the frequency 
spectrum behave very much like light 
waves. Thus many actions and inter- 
actions that may be ignored in the 
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Because of the properties inherent 
in microwaves, conventional circuits 
cannot be used, and new circuits must 
be designed to take their place. It 
must be noted that no changes are 
made in basic radio theory, but that 
factors which were once thought of 
no importance and were therefore neg- 
lected must now be taken into account. 
It should also be noted that in almost 
all present applications, microwaves 
are encountered only at the last stage 
of the transmitter and the first stage 
of the receiver, although the major 
portion of the equipment is designed 
with more conventional circuits. Mi- 
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Electromagnetic Frequency Spectrum 


The proximity in the spectrum of microwaves to visible light is illustrated. 


lower frequencies become dominating 
factors when dealing with microwaves. 
In practice, microwave energy is 
guided by hollow tubes, or “wave- 
guides” as they are called, with inner 
reflecting walls. This energy can be 
polarized by passing it through wave- 
guides in a manner similar to that for 
light waves, which become polarized 
when passed through polarizing mate- 
rial. Waveguides rather than coaxial 
cable are used with microwave fre- 
quencies because their physical dimen- 
sions can be made comparatively small 
(usually half the actual wavelength), 
and the efficiency of the circuit is 
higher. 


crowaves, like light waves, tend to 
seek a straight-line propagation path 
and can be focused, deflected and re- 
flected. Thus it follows that the wave 
path, the area between the transmitter 
and the receiver antennas, is of utmost 
importance. In fact, the path for the 
propagation of the microwave must be 
surveyed and carefully determined if 
losses in the system are to be held to a 
minimum. Therefore, it is recom- 
mended that a propagation path survey 
be made. 


Fresnel Zone 


The propagation path survey is made 
not only to avoid obstacles directly in 
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the line of sight between transmitter 
and receiver antennas, but also to in- 
sure that such obstacles are utilized 
to reduce interfering Fresnel zones. 
Fresnel zones are portions of energy 
radiations which can be indicated by 
a study of a particular microwave front 
at some point between the transmitter 
and the receiver. This study will show 
that the front may be divided into well 


MICROWAVE FOR TELEMETERING 


1139 


from the center line increases. Some 
portions of the wave front will radiate 
energy sufficiently out of phase at the 
receiver to contribute to cancellation of 
the energy of the main path. Those 
portions of energy radiations that are 
out of phase with the main path are 
said to be in the Fresnel zones. 

To eliminate or reduce the effect of 
these out-of-phase radiations, the height 
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Fig. 2. Fresnel Zone Clearance Chart 


Chart is calculated for 6,585 millicycles and is applicable over the range of 5,925- 
8,400 millicycles. Distance A is less than or equal to Distance D. 


of the antennas is raised or lowered to 
a point where the out-of-phase portions 
of the wave front will be obstructed by 
higher elevated surfaces situated be- 
tween the antennas, or if none ex- 
ists, by the earth’s curvature. Thus 
the out-of-phase zones are cancelled 
and the resultant microwave signal is 
strengthened. It follows, therefore, 
that there is an obstacle proximity that 


defined zones that differ in electrical 
path lengths (from transmitter to re- 
ceiver) by a half wavelength for each 
zone. Each point in this wave front 
is radiating energy toward the receiv- 
ing antenna as well as in all other di- 
rections. Because the path length in- 
creases away from the center line, 
however, the phase of this radiating 
energy gradually shifts as the distance 
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enables the signal at the receiver to be 
stronger than it would be if the beam 
were totally unobstructed. This point 
is called the “first Fresnel zone clear- 
ance,” and either increasing or decreas- 
ing the antenna heights will result in 
a decrease of signal strength. 
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can be obstructed. When there are no 
hills or other obstructions, this wave is 
chosen at a point midway between an- 
tennas, where the obstructing object 
is the curved surface of the earth. 
The energy close to the zone limit 
approaches being 180° out of phase, 


OISTANCE ELEVATION 
THEN 10 FEET 
LES THEN +160 FEET 


CL. tvation & reer 


Fig. 3. Sample Profile Chart 


The path distance corresponding to various heights is shown, assuming a 50-ft ob- 
struction and perfectly level terrain. 


The actual radius of the first and suc- 
ceeding Fresnel zones depends on two 
factors: (1) the frequency involved— 
higher frequencies mean shorter dis- 
tances from center line to the first 
Fresnel zone, and (2) the distance 
from the transmitter to the wave front 
being analyzed. In practice, this wave 
front is chosen to be the first one that 


and contributes little to the signal 
strength, so about half of the first 
Fresnel zone must be cleared for ade- 
quate communication. 

To insure proper clearance of the 
Fresnel zone and to accommodate for 
the other properties of microwave radi- 
ation, the practices and devices de- 
scribed below must be understood. 
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Propagation Path Survey 


Microwave propagation path surveys 
provide: (1) information for prelimi- 
nary cost estimates of a microwave 
system, (2) information for FCC, and 
(3) determination of tower heights 
required for proper Fresnel zone 
clearance. 

A preliminary paper survey is usu- 
ally made to determine the number 
of repeater stations and approximate 
tower heights required. From _ this 
information, the preliminary cost esti- 
mate can be made. The final survey 
establishes the exact site location and 
tower height as well as the informa- 
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lished, it is desirable and economical 
to use them to house multiplex and 
termination equipment and to mount 
antenna equipment on top of them 
where possible. But, whether the site 
is already established or to be deter- 
mined, the propagation survey is a 
very important part of the engineering 
study. For example, the Washington 
Suburban Sanitary Commission pres- 
ently has twenty stations from which 
operational data are collected by means 
of telemetering circuits. It also has 
numerous tanks located on compara- 
tively high elevations throughout the 
district, some of which are favorably 


> 


Fig. 4. Barriers in Waveguide to Control Reflection 


The extent to which the screw projects into the waveguide determines the magnitude 


of the compensating reflection, 


tion required for filing FCC construc- 
tion permit applications. The neces- 
sity for clear line-of-sight transmission, 
with adequate clearance above all inter- 
mediate obstructions, is essential and 
must be established by this final field 
survey. 

Contour maps are necessary in de- 
termining the station site and the tower 
height best suited for the job. It 
should be noted, however, that maps 
do not indicate such obstructions as 
high trees, buildings, and bodies of 
water, which in the final analysis could 
be the cause of high losses in the micro- 
wave circuit. Where pumping stations 
or water towers are already estab- 


Obstacles in the other two waveguides cannot be 
easily adjusted. 


located for antenna sites. Just how 
well suited one location would be in 
comparison with another would have 
to be determined by making a propaga- 
tion path survey. 

After plotting the location of each 
proposed or fixed site on a map, inter- 
mediate points, if required, are se- 
lected. Selection is based on determin- 
ing the best topographical features 
and station accessibility by all-weather 
roads. Several alternative relay sites 
(tanks, if available) should be se- 
lected, and lines should be drawn from 
those locations to an adjacent fixed 
station. The elevation at prominent 
points along these lines is then trans- 
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ferred to true earth curvature profile 
graphs to obtain a profile of the pro- 
posed path. The profile should be 
plotted so that the center of the earth 
curvature graph is midway between 
the two sites. Approximate tower 
heights required can be established by 
drawing a straight line on the profile 
between the two station sites (assum- 
ing a reasonable obstruction height for 
the area and allowing half the Fresnel 


Fig. 5. Polarization and Twisting or 
Curving in Waveguide 


Waves become polarized at right angles 

to sides of half their wavelength. A 

polarized beam will follow a gradual twist 
or curve in the waveguide. 


zone plus 10 ft of clearance over ob- 
structions). Fresnel zone clearance 
may be determined from Fig. 2. 

After the above data have been 
plotted for several alternative paths, 
the path allowing minimum tower 
heights is selected. The highest loca- 
tion does not necessarily provide the 
optimum path, as the elevation of the 
terrain in the middle of the paths is 
generally more of a determining factor 
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than the elevation at the terminal 
points. 

The path length (with economical 
tower heights) over relatively level 
terrain will usually vary between 20 
and 30 mi. The sample profile chart, 
Fig. 3, shows the path distance corre- 
sponding to various tower heights, as- 
suming a 50-ft obstruction and per- 
fectly level terrain. This sample chart 
is an aid in estimating tower height. 
The increase in tower height required 
for an increase in path length can be 
estimated by projection on the chart. 


Obstacles and Difficulties 


Once a path has been determined 
by these procedures, it should be care- 
fully reviewed for the presence of pos- 
sible propagation difficulties. Some of 
the more common difficulties include 
temperature and humidity inversion 
(which might cause excessive multi- 
path or earth “bulge” fading), water 
surface reflections, and heavy antenna 
icing. Weather data for the area 
should be obtained and checked for 
the normal amount of rainfall, fog, and 
icing conditions. If low-lying fogs oc- 
cur in the area (an indication of humid- 
ity inversion), an attempt should be 
made to estimate how often they occur 
and how long they may last. Under ad- 
verse conditions, it may be advisable to 
modify the path to allow more than half 
the first Fresnel zone clearance, or to 
relocate the path to a less disturbed 
area, if one exists. If a large body 
of water lies about midway between 
antennas, a reflection of the microwave 
signal could cause cancellation at the 
receiving antenna, but the reflection 
point must be visible from both an- 
tennas to cause trouble. It may be 
possible, by varying antenna heights 
or locations, either to shift the reflect- 
ing point to nonreflecting terrain or 
to inject a natural obstacle in the line- 
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of-sight path from antennas to reflect- 
ing point. 

The following should be considered 
in making site selection: (1) accessi- 
bility, (2) power, (3) soil conditions, 
(4) building and construction prob- 
lems, (5) cost of land, (6) zoning 
regulations, and (7) Federal Aero- 
nautics Administration (FAA) regu- 
lations regarding airports and air lanes. 

Availability of roads and power 
service is very important in determin- 
ing the site selection, as costs of con- 
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struction increase if either is not avail- 


able. It is often more economical to 
add tower height (to a reasonable 
limit) than to build roads or long 
power service lines. 


Elevation Survey 


The elevation survey of the inter- 
vening terrain can begin after a site 
has been selected and the location has 
been inspected. There are a number 
of methods for determining the eleva- 
tion of pertinent points along the path. 
In the interest of speed and economy, 


Fig. 6. Formation of a Resonant Cavity 


Principles of a resonant cavity are explained in the text. 
oscillate electrons in a klystron. 
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however, most of the classical methods 
of surveying must be discarded. For 
average terrain, the use of surveying 
altimeters is the most practical method 
and will yield sufficiently accurate re- 
sults. In extremely rough territory it 
may be necessary to resort to aerial 
surveys or vertical triangulation, but 
this discussion will be confined to the 
use of surveying altimeters, as these 
will suffice under most conditions. 
The materials required to conduct 
a field altimeter survey are: (1) two 


Flow Through 
Slot in Cavity 


(e) 


Cavity may be used to 


surveying altimeters, (2) a complete set 
of contour maps, (3) a hand level, (4) 
a teleheight or hand transit, and (5) 
two mercury thermometers. 

An altimeter such as the Survey 
Terra Altimeter,* or the equivalent is 
recommended. Instructions included 
with the altimeter explain the use of 
the instrument. 

Both altimeters are adjusted to the 
known elevation at a bench mark loca- 
tion. One altimeter remains at the 
base elevation position (bench mark 


* Model AA-1, made by American Paulin 
Systems Co., Los Angeles. 


F 

+ 

° 

(a) (b) 

N 

| oo % 

1 

(c) (d) 

A 

te! 


1144 


location), where readings of tempera- 
ture and elevation are taken every 5 
min. The other altimeter is taken 
by automobile and foot to prominent 
points along the path line. Readings 
of time, temperature, and elevation 
are recorded at each point, and the 
point is noted on the map. Data 
should be taken at a sufficient number 
of points to eliminate the possibility 
of higher intervening land. To avoid 
inaccuracies, any one series of readings 
should not exceed a period of 1 hr and 
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tablished by federal or state survey 
crews, and the more prominent loca- 
tions and approximate elevations are 
marked on the contour maps. For 
more complete and accurate informa- 
tion, a spirit-leveling publication is 
available from state authorities. 

The required elevation and tempera- 
ture readings may often be taken at 
points where the path line crosses 
roads or other points accessible by 
automobile. When this is the case, 
the altimeter may be observed in the 
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Two-Cavity Klystron Oscillator 


Although this type of klystron is more efficient than the reflex type, it is not as easy 
to tune. 


a distance greater than 15 mi from the 
bench mark. When a series of read- 
ings have been completed, the moving 
altimeter should be returned to the 
bench mark location and again checked 
with the fixed altimeter. If the read- 
ings of the two altimeters do not check 
within 5 ft, the data obtained are in- 
accurate, and a new set of readings 
should be taken. 

The bench mark location can be 
either primary or secondary. Primary 
bench marks have been previously es- 


car, provided it is not subjected to 
appreciable temperature changes. It is 
important that each altimeter remain 
at the temperature of the original cali- 
bration throughout any one series of 
readings. The automobile mileage 
indicator is very convenient for deter- 
mining path positions. The distance 
from an intersection or other promi- 
nent point can be scaled from the map 
and used to determine the required 
path position. The highest elevation 
within 0.1 mi of either side of the path 
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line is the elevation that should be 
recorded. This wide path clearance 
permits minor site relocations and 
allows for slight map inaccuracies. 
The height of any obstructions such 
as trees or buildings should be re- 
corded at each point where readings 
of temperature and elevation are taken. 
Obstruction heights can often be esti- 
mated ; however, if there is any doubt, 
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during the time when minimum pres- 
sure changes are experienced. Exact 
hours for such conditions depend on 
the time of the year and the area. 


Profile Plots 


After the measurements have been 
assembled and the required corrections 
have been made, the elevation readings 
are plotted on true earth curvature 


especially at prominent points, the ob- 
struction heights should be checked 
with a teleheight or a transit. Altime- 
ter readings should be made during the 
middle of the day. During the early 
morning hours and late in the evening, 
radical variations of pressure and tem- 
perature occur. As the altimeters are 
merely pressure-indicating devices cali-’ 
brated in feet, readings should be taken 


Fig. 8. Reflex Klystron Oscillator 


This type of klystron has only one resonant cavity. Electrons are projected through 
cavity gap at repeller, return in bunches, resonate through cavity, and may be used to 
transmit radio frequency. 


profile paper. The obstruction heights 
are also shown on the profile graph 
because proper clearance is required 
above all obstructions. Tower heights 
required for a path line can be deter- 
mined by laying a straightedge hori- 
zontally above all obstructions on the 
profile paper and allowing the required 
clearance (half the Fresnel zone plus 
10 ft). Vertical lines projected from 
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the endpoints will then indicate the 
tower heights required. Refer to the 
sample profile chart, Fig. 3. Many 
combinations of tower heights can be 
obtained by this method. Since there 
are at least two paths emanating from 
each repeater station, the tower height 
will depend on both paths. Maximum 
tower use is obtained by trial and 
error. In the selection of tower 
heights, consideration should also be 
given to the FAA regulations for 
aircraft-warning lighting. 

In addition to the data contained 
on the profile graph, site information 
sheets, site location maps, and site plot 
plans should be prepared for each sta- 
tion. The site location maps and site 
plot plans indicate the position of the 
site with respect to any airport and 
radio beacons as required by FCC. 
FCC regulations state that the con- 
struction permit application should be 
submitted 60 days prior to the contem- 
plated start of construction. Care 
should be taken in answering the 
questions and requirements called for 
on the FCC application. In fact, con- 
siderable time can be saved by making 
personal contact with the proper au- 
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Fig. 9. Electron Bunching in 
Refiex Klystron 
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Although Electrons A, B, and C are emit- 
ted at different times, they return to the 
cavity resonator gap at the same time. 
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Fig. 10. Feedback Function to 
Sustain Oscillation 
Electron with dotted path gives energy 
to the grid; electron with solid path ab- 
sorbs energy from the grid. 


thority in the FCC. A mistake of a 
word or two can cause a possible 2-3- 
month delay in the granting of a con- 
struction and station authorization. 


Repeaters 


Radio transmission in the microwave 
frequency bands is essentially short 
range, and for great distances some 
method for relaying the transmitted 
signal must be provided. Such relay- 
ing is done by what is known as re- 
peaters. These repeaters are of two 
general types, active and passive. Ac- 
tive repeaters amplify the signals re- 
ceived and then reradiate them; pas- 
sive repeaters reflect the signals, 
changing their direction, but do not 
amplify the signals. Some active types 
vary according to their use and method 
of operation. Two types are through- 
repeaters and terminal repeaters. 

A through-repeater is the simplest 
type of active repeater. The signal is 
received and changed to an intermedi- 
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ate frequency which can be amplified 
efficiently. A second mixer is then 


used to increase the frequency to the 
desired output carrier frequency. This 


is then amplified and transmitted. 

A terminal repeater station is one in 
which all signals are completely de- 
modulated and repeated by remodula- 
tion. In its simplest form, it consists 
of two complete terminal assemblies, 
the receiver output from one feeding 
the transmitter input of the other 
through multiplexing equipment. 

In the passive-repeater group, two 
types of reflectors are used, depending 
on the terrain or obstacle which the 
microwave beam must be reflected 
around. The plane sheet reflector is 
used wherever possible. When a 
ridge intercepts the beam, or a situ- 
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Cavity ts toroidal, not cylindrical. Radio 
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Tuning Adjustment 


Klystron Bows 


Fig. 12. External Bows on Klystron for 
Adjustment of Repeller Spacing 


Adjusting the repeller spacing or the re- 
peller voltage will change radio frequency 
produced. 


ation exists such that a plane sheet 
reflector is not adequate, two parabolic 
reflectors must be used, one facing 
each repeater station and connected 
together by means of a waveguide or 
coaxial cable. The passive type of 
repeater is used at locations where the 
terrain makes maintenance and inspec- 
tion of the repeater station difficult. 
A passive repeater should only be used 
on very short hops, where attenuation 
and beacon bending cannot have any 
serious effect. 


Propagation of Microwave Energy 


At microwave frequencies, the 
parallel-wire transmission line is not 
satisfactory. Instead, a hollow con- 
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duction tube (waveguide), usually rec- 
tangular in shape, is used to transmit 
the electromagnetic waves. There are 
several reasons for using the hollow 
waveguide; one of them is that it has 
lower loss than either open-wire lines 
or coaxial lines in the frequency ranges 
for which it is practical. Generally, 
waveguides are used at frequencies of 
3,000 millicycles and up, and wire lines 
are commonly used below 3,000 milli- 
cycles. A second reason for using a 
waveguide is that it is capable of trans- 
mitting more power than a coaxial line 
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Fig. 13. Telemeter Coding Schemes 


With coding schemes, several messages 
can be transmitted simultaneously. 


of the same size. Third, the reflec- 
tions within the waveguide can be con- 
trolled by an adjustable, screw-type, 
impedance-matching system that elimi- 
nates reflected waves (Fig. 4). The 
extent to which such a probe (or 
screw) projects into the waveguide de- 
termines the magnitude of the compen- 
sating reflection, while the position of 
the probe with respect to the standing 
wave pattern, which is to be elimi- 
nated, determines the phasing of the 
reflected wave. The adjusting screw 
becomes resonant when the equivalent 
penetration of the screw is a quarter 
wave length. 
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The other two examples shown in 
Fig. 4, of obstacles used in waveguides 
to introduce reflection, cannot be con- 
veniently adjusted by experiment; 
they can be used only in waveguide 
systems where a reflected wave of 
known and unvarying character is to 
be neutralized. 

One disadvantage of the waveguide 
is its minimum frequency restriction, 
called the cut-off frequency, below 
which no other frequencies can be 
transmitted. As a result of this char- 
acteristic, a rectangular waveguide 
would have to be wider than 2 in. to 
transmit a 3,000-millicycle signal, 20 
in. wide for 300-miilicycle signal, and 
17 ft wide for 30-millicycle signal. If 
the waveguide dimension is less than 
half the wavelength, the attenuation 
becomes very great, but if the wave- 
guide dimension is greater than half 
the wavelength, the attenuation is 
slight. A waveguide must have a di- 
mension approaching a_ wavelength 
in order for the fields to propagate, 
and this limits the practical use of 
waveguides to extremely high or 
microwave frequencies. 

The microwave energy carried by 
the waveguide is in the form of a 
moving electromagnetic wave. The 
field configuration travels along the 
waveguide axes in the direction shown 
in the top of Fig. 5. As it travels 
a distance down the guide, the ampli- 
tude will be reduced as a result of 
energy losses in the walls of the guide. 
The wave consists of electric and mag- 
netic fields perpendicular to each other. 
In the rectangular waveguide, these 
fields are polarized in that the force 
lines of the electric field are at right 
angles to the side of half the wave- 
length. If a waveguide is made to 
twist or curve gradually, the polarized 
beam will follow the twist or curva- 
ture as in the bottom of Fig. 5. 
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Generation of Microwave Energy 


With microwave frequencies, conven- 
tional oscillators, which are basically 
frequency generators, become _ineffi- 
cient, and new systems must be used 
to produce oscillations at these high 
frequencies. One type of oscillator 
that has been developed for generat- 
ing microwave frequencies is the klys- 
tron. Two main categories of klys- 
tron oscillators are the reflex and the 
two-cavity klystron. Actually, the re- 
flex is a modified version of the two- 
cavity klystron, and is very similar in 
operating principles. 

The reflex klystron is less efficient 
than the two-cavity klystron because 
a single resonator performs both the 
function of bunching and the function 
of catching. On the other hand, with 
a single resonator the ease of electri- 
cal tuning by varying the repeller volt- 
age makes it better for use when only 
small amounts of power are required. 
Another advantage of the reflex klys- 
tron is its greater stability as com- 
pared with the two-cavity klystron. 
Thus the reflex klystron is preferable, 
and it has been particularly satisfactory 
for use in the frequency range 1,000— 
25,000 millicycles. 

The heart of the microwave energy 
generation system is the oscillator, so 
it should be given more than passing 
interest. A brief description of its 
vital components and electronic func- 
tions will be given special consideration. 

The basic components of this oscil- 
lator are termed the resonant cavity, 
the buncher cavity, the catcher cavity, 
the anode, the cathode, and the focus- 
ing electrode. 


Resonant Cavity 


A resonant circuit, Fig. 6a, exists 
when inductance and capacitance are 
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equal. As shown in Fig. 6b, a closed 
and parallel line of quarter wavelength 
makes a resonant circuit. Any num- 
ber of these parallel circuits can be 
added as shown in Fig. 6c, and as 
long as the radius is kept exactly a 
quarter wavelength, the circuit will 
remain resonant. Actually, if a lot of 
these parallel resonant circuits were 
added, it could be readily seen that 
they would take the form of a circular 
can or tank, as shown in Fig. 6d. This 
flat can is called a resonant cavity. 
A slot or gap is cut in the middle 
through which the electrons pass (Fig. 
6e). 

In the resonant cavity, as in any 
tuned circuit, energy applied momen- 
tarily is oscillated back and forth be- 
tween the electric and magnetic fields 
as each in turn continues to build up 
and collapse until all of the initial en- 
ergy has been used through the reso- 
nant cavity. It follows that if by some 
means more energy could be supplied 
at exactly the right instant, the energy 
in the cavity would be sustained, which 
in turn would sustain the oscillations. 
To accomplish this, several oscillators 
have been devised, one of which is the 
klystron type. 


Klystron Oscillator 


In the klystron type of oscillator is 
a tuned resonant cavity with a slot or 
gap in the center of it. Figure 7 shows 
the two-cavity klystron, and Fig. 8 
shows the reflex type of klystron. A 
beam of electrons from the electron 
gun or cathode causes these electrons 
to flow through the gap. As the elec- 
tron beam passes through the gap in 
the resonant cavity and enters the re- 
peller space, the forward motion of the 
electrons is opposed by a negative volt- 
age that causes them to slow down, 
turn back on themselves, and reenter 
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the gap in the resonant cavity. This 
process of slowing the motion of the 
electron is known as velocity modula- 
tion. The electron beams passing 
through the gap for the first time and 
entering the repeller space have dif- 
ferent velocities, because the modulat- 
ing action of the radio frequency volt- 
age is present in the resonator cavity. 
This causes the electrons to return 
from the repeller space to the gap in 
bunches. A _ representation of this 
bunching function is shown in Fig. 9. 

In this figure, Electron B is the ref- 
erence electron. Note that it passes 
through the gap exactly when the gap 
voltage is zero and just going negative. 
B follows a parabolic path. The ac- 
tion here is similar to a ball thrown 
upward and returned to earth by the 
force of gravity. In this case, how- 


ever, it is the repelling force of the 
negative magnetic field within the re- 
peller space that causes B to turn back 


on itself and move toward the gap 
from which it was propelled. Con- 
sider now Electron A. This electron 
passed through the gap just before 2; 
whereas the voltage across the gap for 
B is zero, the voltage across the gap 
for A was at a maximum, and it accel- 
erated A. Thus A entered the repeller 
space with greater velocity than B 
does, and consequently A penetrated 
farther into the repeller space. As a 
result, it took A longer to return to 
the gap than it does B, so A arrived 
back at the gap at the same time as B, 
because its head start was compen- 
sated for by its increased transit time. 
Unlike A, Electron C, which will pass 
through the gap later than B, will 
emerge from the gap with less force 
than B or A because it will encounter 
a more negative or retarding field 
across the gap than either of the others 
encountered. C will thus return to 
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the gap at about the same time as A. 
This is because the late start by C will 
be compensated for by its shorter 
transit time. 

Therefore these electrons return to 
the gap at the same time, and pass 
through it in bunches. As they pass 
through the cavity for the second time, 
they give up some of their energy to 
the cavity and are then stopped by the 
cavity, which functions as the collector 
(Fig. 10). This bunched flow of elec- 
trons is repeated with each cycle of 
radio frequency. To summarize, elec- 
trons are constantly beamed through 
the gap, are bunched, and give up en- 
ergy to the cavity. 

The resonant cavity actually used in 
the klystron is not a cylindrical but 
a toroidal one which can be tuned by 
adjusting the repeller space between 
the repeller electrode and the gap (Fig. 
11). The toroidal cavity is formed by 
bringing the grids of the cavity closer 
together. The transit time of the elec- 
tron inside the cavity is increased as 
the space between the grids is de- 
creased. In the klystron this grid 
spacing is accomplished by flexing the 
external which mechanically 
change the spacing of the resonator gap 
(Fig. 12). Reducing the gap spacing 
increases the capacity and thereby 
lowers the tuned frequency of the reso- 
nant circuit. 

The frequency can be changed by 
varying the repeller voltage. The 
more negative the repeller voltage is, 
the earlier will be the return of the 
electrons to the gap or grid, and the 
less negative the repeller voltage is, 
the longer will be the return; hence, 
the more negative the repeller voltage 
is, the higher the output frequency will 
be. For that matter, any variation in 
the magnitude of the electron beam or 
of voltages that would vary the transit 
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time of the electrons will result in a 
frequency change. 


Multiplexing 


There are two general types of appa- 
ratus used in microwave communica- 
tion systems: radio equipment and 
multiplexing (channeling) equipment. 

Multiplexing is a system by which 
various messages can be transmitted 
simultaneously. The multiplex equip- 
ment imposes voice and signaling chan- 
nels on the microwave beam. With 
this method it is possible to separate 
completely the voice and signaling sys- 
tems in telemetering or load control 
systems. Two general methods of 
translating the measured telemetered 
data over a microwave system via 
multiplex are frequency division and 
impulse time. 

Frequency division is accomplished 
by separating the various messages to 
be combined so that each message is 
limited to a certain frequency range 
with no overlapping between ranges. 
This is done by first limiting the audio 
band width to define values. 

In the impulse time, each message 
is transmitted for a period of time in 
regular sequence. Figure 13 pictures 
five different forms generally followed 
in the translation of measured data into 
a pulsed or sinusoidal voltage. In the 
impulse type of telemetering, the data 
can be in the form of open and closed 
contacts or in the form of on-off or 
reversed current keying. Frequency 
type of telemetering provides a low- 
level sinusoidal voltage varying in fre- 
quency. The following describes the 
coding schemes illustrated in Fig. 13: 

1. Impulse duration—metered data 
is proportional to pulse length with 
pulses at a constant repetition rate. 
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2. Impulse rate—metered data is 
proportional to pulse repetition rate 
with pulses of constant pulse length. 

3. Impulse code—metered data is 
indicated by the total number of pulses 
per reporting time interval with pulses 
of constant pulse length at a varying 
repetition rate. 

4. Impulse count—metered data is 
indicated by code signals consisting of 
specific configurations of pulse and the 
spaces between pulses. 

5. Frequency—metered data is pro- 
portional to the frequency of a sub- 
audio sinusoidal voltage. 


Microwave Cost 


Telemetering equipment already in- 
stalled in an existing plant can be used, 
and its telemetered data channeled into 
a point-to-point multiplex radio sys- 
tem. With this system, a saving can 
be realized from the continued use of 
existing equipment. Several manufac- 
turers have equipment on the market 
suitable for such hookups. The best 
procedure for obtaining this equipment 
is to call in several of the interested 
manufacturers and determine which of 
their equipment best fits the particular 
scheme presently installed. 


Conclusion 


Several components and considera- 
tions go into a well stabilized micro- 
wave telemetering system, but a path 
propagation survey and the careful se- 
lection of oscillators and multiplexing 
equipment are vital to a satisfactory 
system. The author believes that a 
careful study of these factors will bring 
into consideration all the other neces- 
sary components. 
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Telemetering for Small Utilities 
Alfred W. Jorgensen 


A paper presented on Apr. 14, 1961, at the California Section Meeting, 
Santa Barbara, Calif., by Alfred W. Jorgensen, Utility Supt., Mon- 


rovia, Calif. 


ELEMETERING of some large 
utilities has been combined with 
automation and data processing to the 
extent that the control centers look like 
a missile center at Cape Canaveral. 
Philadelphia has spent $432,000 on its 
new electronic load control communi- 
cations center, which is the heart of 
a network of electronic sensing de- 
vices, telemetering instruments, and 
microwave towers. These provide in- 
formation on water flows, pressures, 
and levels at 120 points in the city’s 
water distribution system. Data are 
picked up automatically from reser- 
voirs, pumping stations, water mains, 
and other key points, and are flashed 
instantly through the microwave com- 
munications system to the control 
center." 

This example indicates the progress 
that has been made in telemetering and 
automation, but it is not typical of 
small water utilities. Some compari- 
son should be made to show why 
nearly all water utilities are classified 
as small when compared to electric, 
gas, and telephone utilities. 


Utility Size 

There are more than 18,000 public 
water systems in the United States. Of 
this number, 86.4 per cent serve less 
than 5,000 people, and 93.3 per cent 
serve less than 10,000 people. All but 
2.7 per cent of the 18,000 utilities serve 
less than 25,000.? 
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For another comparison to show 
this difference in size, Los Angeles 
County has only seven electric, four 
telephone, and three gas utilities, but 
approximately 335 water utilities. 
This again illustrates that most water 
utilities are small. 


Automation 


The purpose of this article is to indi- 
cate what telemetering can do, how it 
can help save money, and what can 
be expected both in the way of data 
available and in maintenance problems. 
The terms “automation” and “tele- 
metering” are used interchangeably by 
many, but they are not the same. A 
system may have automatic starting 
and stopping of pumps from distant 
reservoir float controls. This is not 
telemetering; it is automation. The 
system may only have equipment at a 
central point where reservoir levels 
are recorded and indicators show when 
the pumps are running. This is tele- 
metering with no automation. There 
are also many combinations. Radio 
transmission and signals transmitted 
over leased telephone lines are both 
used in telemetering systems, but in 
this article only wire communication 
is considered. 

The telemetering phase from an op- 
erator’s viewpoint, not from a techni- 
cian’s, will be especially considered. 
In most cases, the operator does not 
have the background or the knowledge 
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of the technical aspects of this type 
of equipment, but he knows what he 
wants to accomplish. 


Telemetering Need 


The need for telemetering is based 
on economic principles. Some say that 
savings realized will pay for the equip- 
ment, plus the total installation cost, 
in less than 3 years.* Others say the 
cost of telemetering is not justified 
except in special cases. Savings can 
be made in the following costs: (1) 
labor of distribution system operators, 
(2) automotive equipment, (3) energy 
costs, and (4) capital costs.° 

Another justification for installing 
telemetering equipment is the need for 
more and closer supervision of all im- 
portant operations. By having all of 
the basic system data in one centralized 
location, weaknesses in the system such 
as low pressure, insufficient storage, 
or pumping capacity are shown imme- 
diately. Permanent records are then 
available indicating conditions as they 
were throughout the various parts of 
the system. These records can be ana- 
lyzed and appropriate action taken to 
correct the deficiencies. 

Very few small utilities can say they 
have nearly perfect records. Record 
keeping can be improved greatly with 
a telemetering installation that pro- 
vides the following information: (1) 
reservoir levels, (2) well pump opera- 
tions, (3) booster pump operations, (4) 
pressures at various points in the sys- 
tem, (5) temperatures of critical bear- 
ings, (6) room temperatures, (7) 
chlorine residuals, (8) automatic and 
regulating valve positions, and (9) 
rates of flow. 

The most obvious need for tele- 
metering is for handling emergencies. 
Most small water utilities have less 
than one maximum day’s supply of 
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storage, which means that the system 
has to perform nearly perfectly to pro- 
vide adequate service. 


Alarm System 


An alarm system indicating high 
and low water in the reservoirs can be 
incorporated into the centralized tele- 
metering center to warn immediately 
of a low level, so that necessary action 
can be taken before a real emergency 
occurs. The alarm system can also 
warn of power failure and signal fail- 
ures. When a pump fails, the utility 
is not in immediate trouble if it is an 
open system with some storage. The 
trouble begins when there is little or 
no water. It can be said that an opera- 
tor is not really in trouble unless he 
has too much or too little water. This 
is the reason for including high and 
low water levels into the alarm system. 

The National Board of Fire Un- 
derwriters has recognized the impor- 
tance of telemetering in the water sup- 
ply section of its grading schedule. 
It has been calculated that a good 
telemetering system in a small utility 
with a small amount of storage could 
reduce its number of deficiency points 
from 100 to 25 (170 points represents 
an entire class for grading purposes). 

Before deciding about any particu- 
lar type of telemetering equipment, the 
operator should make an extensive 
survey to determine what functions he 
wants to control and supervise. Re- 
mote control of pumping operations 
is possible, but is it justified? The 
greater the distances to pumps, the 
more justification for remote control. 
Some operators only visit and inspect 
pump stations once a week; others are 
contemplating inspections only once a 
month. Many still believe in a daily 
check. The operator should consider 
every possibility, including expansion. 
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The main point is that any system 
finally adopted should work for the 
operator and not the reverse. 

Some utilities plan project specifica- 
tions that require manufacturers of 
equipment to have, first, a background 
of experience with similar equipment 
in the immediate area performing satis- 
factorily, and second, to have a service 


engineer available.® 


Telemetering Control Panel 


Pig. 1. 


Operators watch reservoir level indicator 
charts and pump indicator lights. 


Location of Controls 


The operator must decide where he 
wants to locate the centralized tele- 
metering controls. It is possible to 
locate them in special rooms or build- 
ings, at existing pumping facilities, or 
in the main office of the utility. The 
latter has many advantages from a 
public relations standpoint. This type 
of equipment is the most modern item 
in the water utility industry today. If 
this complex equipment is readily visi- 
ble to the general public, the impres- 
sion that the utility manager is merely 
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the “village pump man” will disappear 
rapidly. Another advantage to having 
controls in the main office is to show 
that operating a water utility is not as 
simple and free from problems as many 
now believe. Others then share the 
knowledge of various operational prob- 
lems. These instrument and control 
panels can be designed so that they 
can be moved easily. They need no 
special power circuits. An ordinary 
120-v lighting circuit is sufficient, along 
with provisions for several telephone 
circuits. From a practical viewpoint, 
20 functions can come in on the same 
pair of wires, although 26 is maximum. 
This keeps the cost of leased lines to 
a minimum, as the telephone com- 
panies charge by the distance involved 
and not by the number of functions. 


Guarantee and Maintenance 


Another important factor for the 
small utility operator in the design and 
installation of his telemetering system 
is whether he receives a “guaranteed” 
system. It is most important that a 
l-year maintenance guarantee be in- 
cluded in the contract, and that this 1 
year be defined. It should be under- 
stood that the guarantee period begins 
from the date of acceptance or from 
the date of the last “major” repair. 
This definition is quite controversial, 
as major and minor repairs may be 
interpreted differently. The defini- 
tions should be spelled out so that both 
the utility and the supplier understand 
the terms of the guarantee. 

Maintenance of telemetering equip- 
ment is one of the reasons that many 
small utilities hesitate to use the equip- 
ment. During the installation, how- 
ever, one or more of the utility’s men 
can be assigned to work with the in- 
staller. In this way, much valuable 
information and many techniques can 
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be learned. Some equipment manu- 
facturers have training programs for 
utility personnel, enabling them to 
make minor adjustments and repairs. 

Anything mechanical will have 
defects in it, including telemetering 
equipment. Therefore, the utility 
should expect a certain amount of 
trouble during the first year of opera- 
tion. This usually comes within the 
provisions of the guarantee so repairs 


TELEMETERING FOR SMALL UTILITIES 


1155 


and adjustments are made by outside 
personnel. This first-year trouble ap- 
pears to be normal. Again it is help- 
ful to have trained personnel of the 
utility available to take care of the 
minor adjustments. Some of the nor- 
mal maintenance includes replacing 
burned-out light bulbs, changing de- 
fective transmitters and receivers, ad- 
justing level indicators periodically, 
replacing oxidized mercury switches, 


Fig. 2. Recording Chart for Reservoir With Automatic Pumps 


Chart shows levels for 7 days. 


Pumps for reservoir were automatically turned on 


and off at predetermined levels. 
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adjusting volumes of signals so that 
indicator lights work properly, and 
periodically testing all alarm settings. 
Weather presents another maintenance 
factor, and telephone lines must be 
periodically checked with the coopera- 
tion of the telephone company. 


Alarm Circuit 


Another feature that helps save 
money and time and actually provides 
better supervision of the system is to 


ALFRED W. JORGENSEN 


Jour. AWWA 


have a “double-throw” switch on the 
alarm circuit. By this method, the 
utility personnel receive the alarms 
directly only during normal working 
hours. At night, on weekends, and on 
holidays, the alarm signal can be trans- 
ferred to the police or fire departments 
who are on duty 24 hr a day. On 


receiving an alarm, the police or fire 
department dispatcher contacts utility 
personnel who decide what to do after 
analyzing the master monitoring panel 


Fig. 3. Recording Chart for Reservoir With No Automation 


Chart shows fluctuating levels, indicating no automation and poor operation. 


. 


Sep. 1961 


(Fig. 1). This provides 24-hr pro- 
tection without having two extra shifts. 

The operator can expect some calls 
in the middle of the night because of 
malfunctioning equipment or, if the 
system is not fully automatic, because 
of errors in judgment by the system 
operators. 

Another possibility that the utility 
operator should consider is the failure 
of indicator lights. Some design engi- 
neers recommend a 10 per cent bril- 
liancy feature. Others say that there 
is not enough contrast between the 10 
per cent and the fully lit lights, espe- 
cially in sunlight. A test switch on 
the panel could immediately detect 
indicator light failures. The lights are 
then completely on or completely off 
during normal operations. 


Circular Charts 


Circular 7-day recording charts have 
many advantages over strip charts. 
They are easily read and stored, but 
more important, they provide a ready 
reference without causing an investi- 
gator to unroll a strip chart. They are 
also easier to use for comparing opera- 
tions of one week with another. 

An example of how 7-day recording 
charts on reservoir levels tell a story is 
shown in Fig. 2 and 3. Figure 2 indi- 
cates that perfect automatic operation 
took place. Figure 3 indicates that 
there was a wide fluctuation in the res- 
ervoir levels from day to day, and that 
apparently no automation was involved. 
This actually was the case. The chart 
also indicates that poor manual con- 
trol of operation was a factor. With 
telemetering, this was known as soon 
as it happened. 


Costs 


Initial costs of telemetering systems 
can vary widely. A small utility, how- 
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ever, could bring into a centralized 
location key reservoir levels, show 
which pumps are on and off, and in- 
clude the most important feature, an 
alarm system, for a cost of $10,000- 
$20,000. Each situation is unique, so 
each would certainly have to be stud- 
ied to see what equipment would be 
most adaptable. Of primary impor- 
tance is that the costs are not pro- 
hibitive, and that there are many firms 
available to design and install these 
facilities. 

Even if the utility did not save any 
money by installing telemetering equip- 
ment, the increased supervisory con- 
trol of the system is well worth the 
expense. Knowing reservoir levels, 
pressures, flows, and other functions 
can be a great help in eliminating defi- 
ciencies and providing better service. 
The public is demanding more and 
better service, and it is up to the utility 
to provide this service. The improved 
public relations cannot be measured in 
dollars and cents, but its value to the 
utility is equally important. The in- 
stallation of telemetering facilities is 
probably more important to the small 
water utility than to the large one, 
because the small operator has limited 
storage and limited standby equip- 
ment. By improving supervisory con- 
trols, service will also be improved. 


Automatic Meter Reading 


There is another phase of telemeter- 
ing for the future that has been dis- 
cussed briefly during the last few 
years.’ This is the possibility of read- 
ing meters by means of telemetering. 
Readings could be sent back to a cen- 
tral office over the existing telephone 
lines from each residence and commer- 
cial unit. The telephone company 
states that it would be capable of han- 
dling its part of this new concept if 
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the meter and instrument manufactur- 
ers could produce competitively priced 
transmitters for each meter. 

There are other possibilities, such 
as incorporating gas and electric meter 
readings over the same pair of tele- 
phone lines. Nearly every home in 
the urbanized area has a telephone, so 
no new circuits would be involved. 
The current range of costs for reading 
water meters varies from 5 to 20 cents 
per meter. This is probably true for 
the other utilities as well. If the total 
telephone costs could be split three 
ways, therefore, the idea might be eco- 
nomically feasible. 

Another possibility for telemetered 
readings is automatic billing, which 
would eliminate more of the labor costs 
of operation. As labor costs increase, 
this completely telemetered system will 
become more attractive. 


Summary and Conclusions 


The small water utility has a greater 
need for telemetering than large utili- 
ties because of the lack of storage and 
standby equipment. The small opera- 
tor has to have his system operating 
nearly perfectly at all times to provide 
adequate service, so he needs all the 
supervisory controls he can justifiably 
install. Even if there were no savings 
involved, the increased knowledge of 
system characteristics, potential emer- 
gencies, and the new image of the 
water utility created in the mind of 
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the consumer are well worth the 


expenditure. 
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N the 1940's, a booming lumber in- 

dustry and a general acceptance of 
natural gas raised the demand for gas 
in California’s Humboldt County above 
the local resources of the author’s com- 
pany to supply it. The company lim- 
ited the service area, but consumption 
within the area increased, and poten- 
tial customers requested that the serv- 
ice area be expanded. 

The company had been supplement- 
ing a limited natural-gas supply from 
the nearby Tompkins Hill field with 
propane-air. Expansion of the pro- 
pane-air equipment appeared necessary 
not only to meet the new demands but 
also to replace the capacity of the local 
natural-gas sources which were rap- 
idly being depleted. 

Early in the 1950’s, however, a num- 
ber of new natural-gas fields were dis- 
covered in the northern Sacramento 
Valley. The most promising of them 
was in the Beehive Bend and Perkins 
Lake areas west of Chico. 

This ready-made and growing serv- 
ice area, the new supply of natural 
gas, and a company-owned power plant 
capable of burning either oil or gas— 
all making possible a reasonably high 
load factor—led to the company’s deci- 
sion to build one of its most challeng- 
ing pipelines. Although the company 
has a number of lines that are both 
larger and longer, including the 34-in., 
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500-mi “Super Inch” main from To- 
pock on the California-Arizona border 
to Milpitas in the San Francisco Bay 
area, the 168-mi, 12-in. pipeline to Eu- 
reka traverses some of the most diffi- 
cult terrain yet to be encountered by 
the company. 


Problems of Pipeline 


As Fig. 1 illustrates, the pipeline 
runs from a point near Corning north 
to Red Bluff, thence west across the 
Trinity Mountains to Fortuna, and 
north to Eureka. Not only was the 
crossing of the Trinities difficult to 
construct, but the mountains also posed 
a problem for pipeline patrol and 
maintenance. The mountains lie gen- 
erally in a north-south direction as a 
series of ridges. For a distance of 
110 mi, the main is in hilly and moun- 
tainous country. For about 60 mi, the 
main is between 3,000 and 5,300 ft 
elevation, in a region where winter 
snows occur, rainfall is heavy, and 
earth slides are not uncommon. 

The only access to about 80 mi of 
the main is from the company’s pipe- 
line road, which is as much as 6 mi 
from the nearest public road. The 
few public roads in the area are gen- 
erally one-lane, unpaved, mountain 
roads. Access to the pipeline for rou- 
tine patrol and maintenance is at times 
a real problem, and access for emer- 
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gency maintenance and repair may be 
extremely difficult. 

As the rapidly developing load in 
the Eureka area outstrips the limited 
propane-air capacity, the single pipe- 
line will become the only adequate 
source of gas. A major break in this 
pipeline would therefore seriously jeop- 


with pride. In addition to a natural 
desire to spare customers the incon- 
venience of an outage, the gas indus- 
try has a real economic justification 
for maintaining this record. An outage 
in a community, or even a small sec- 
tion of a community, is a matter of 
serious concern, not only because of 
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Fig. 1. Route of the Corning-Eureka Gas Pipeline 


The 168-mi pipeline crosses the Trinity Mountains as it carries gas from the Sacra- 
mento Valley to the coast. 


ardize the company’s ability to main- 
tain continuous service. 


Importance of Quick Repair 


The water and gas industries share 
an enviable record for continuity of 
service. Both can point to this record 


lost revenue, but more importantly, 
because of the cost of restoring service. 

The normal procedure in the event 
of an outage is to visit the premises of 
every customer, shut off the individual 
services at the meter, repressure the 
distribution system, and then revisit 
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every customer to purge house lines 
and relight appliances. A recent sur- 
vey in the company’s system indicates 
that the cost of restoration after an 
outage would be approximately $4 per 
affected customer. Obviously, the 
company could afford to pay a consid- 
erable premium to insure against a 
transmission line break that might 
cause an outage affecting the 19,000 
customers in the Fortuna-Eureka- 
Arcata area. 

Like a water system, which often 
has distribution reservoirs and hilltop 
storage tanks to provide for peak-hour 
demands and emergency supply in the 
event of source failure, the Eureka 


system has storage in low-pressure | 


holders, propane-air production, and— 
of major importance—the line pack 
(usable volume of gas) in the pipeline 
itself. The combination of this stor- 
age, coupled with the local natural-gas 
production, is not adequate to sustain 
the area for prolonged periods. It is 
therefore essential that any line break 
be isolated without delay, so that as 
much pack as possible may be 
preserved. 

To illustrate this point, a break is 
assumed to have occurred at approxi- 
mately the middle of the Corning- 
Eureka line. It is possible to close 
only the valve downstream from the 
break. By using the limited sources 
of gas in the Eureka area (propane- 
air and local natural-gas sources), and 
by curtailing interruptible customers, 
the company would have approxi- 
mately 24 hr to repair the break before 
running out of gas in Eureka. In the 
meantime, it would take 8-12 hr to 
repressure the main east of the break. 
Until the main could be isolated on 
the upstream side of the break, many 
thousands of dollars worth of gas 
would disappear into the atmosphere. 
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This also could rob the rest of the 
system of much-needed gas. 


Rupture Control Equipment 


An experienced pressure operator at 
the Eureka load center might detect 
a break by observing the telemetered 
information available to him, but isola- 
tion and location of the break might 
take hours if it became necessary to 
dispatch men to patrol the pipeline. 
Previously, the company faced a simi- 
lar problem on its Topock-Milpitas 


Restricting 


Pig. 2. One Type of Line Rupture 
Sensing Device 


A rapid pressure change in the line is 
sensed when a pressure difference occurs 
between the line and the capacity tank. 


pipeline,’ and installed line rupture 
controls. On the basis of experience 
with these controls, the company de- 
cided to use the same basic system on 
the Eureka pipeline. It equipped five 


locations with line rupture control 
equipment interspersed with check 
valves to provide some additional 
protection. 


The automatic equipment for line 
rupture control senses a major line 
break, initiates valve closures to isolate 
the ruptured section, and reports the 
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location of the trouble to the nearest 
attended station. 

There are two methods currently 
used in the gas industry to sense a 
line rupture. One method, the rate of 
pressure change, uses a capacity tank 
and a small restricting orifice (Fig. 
2). A line rupture resulting in rapid 
fall in pressure in the line causes a 
pressure difference between the line 
and the capacity tank. A sensing de- 
vice between the line and the tank 
detects this change and initiates a valve 


closure. The second method uses a 


Method of Rupture Sensing 
Selected 


Fig. 3. 


With a plug-type line valve, either an 
abnormal or reverse flow is detected and 
valve closure is initiated, 


plug-type line valve as a differential 
metering device (Fig. 3). A differ- 
ential sensing device detects either an 
abnormal or reverse flow and initiates 
a valve closure. 

There was some concern that the 
first method, the rate of pressure 
change, might close more valves in 
the system than would be necessary. 
Also, there was the possibility that the 
restricting orifice in this system could 
become blocked, which would cause 
an inadvertent valve closure with nor- 
mal variations in line pressure. The 
second method, therefore, was em- 
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ployed on the Corning-Eureka line, as 
it had been on the Topock-Milpitas 
line. 

The heart of the control system is 
the differential trip valve, which is 
merely a spring-loaded diaphragm de- 
vice (Fig. 4). The high pressure op- 
poses the spring and the low pressure 
is applied to the opposite side of the 
diaphragm. If the differential pres- 
sure overcomes the spring, a valve that 
permits the operating medium to act 
on a motor or piston is tripped. After 
the valve is tripped, it remains open 
until manually reset, even though the 
measured differential may fall to a 
normal level. 

In this application, line gas at re- 
duced pressure is used as the operat- 
ing medium; this gas operates a rotary 
diaphragm piston motor which, in turn, 
closes the valve (Fig. 5). 

The trip valves, their associated 
equipment, and a differential pressure 
recorder, diagramed in Fig. 6, are 
mounted on a pipe stand in a demount- 
able shelter for protection from the 
winter rains and snows (Fig. 7). 
These sheiters are mounted about 2 
ft high on pipe legs to permit snow 
to bow under the shelter rather than 
to drift over it. A second identical 
shelter is provided nearby for the 
alarm equipment (Fig. 8). A _ pres- 
sure switch that will sense the opera- 
tion of either of the trip valves is pro- 
vided. This pressure switch is used 
to initiate the alarm equipment. 

It might be of interest that this 
control system could be adapted to 
water service merely by plating a few 
internal parts of the trip valves and 
regulators. The motors were actually 
designed for hydraulic service. The 
manufacturer of the trip valves, how- 
ever, has had little experience with 
water problems, and he _ cautions: 
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“We believe the only way the suita- 
bility of this valve for use with water 
could be established would be on an 
experimental basis in a typical field 
application where all effects of this 
service would come into play.” 


Problem of Location 


The problem of line rupture control 
is threefold—detection, isolation, and 


Fig. 4. Differential Trip Valve 


If pressure difference is great enough to 
overcome the spring, a valve is opened 
to allow the gas to operate a diaphragm 
piston motor. 


location. The problems of detection 
and isolation can be met with the 
purely mechanical equipment described 
above. The problem of location would 
be reduced immeasurably if it were pos- 
sible to indicate immediately to an at- 
tended location which valves had oper- 
ated in the event of a line break. This 
could be done with an annunciator- 
type alarm system. 
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The ideal alarm system is one that 
continually monitors itself. This is 
particularly true when the alarm is to 
indicate the operation of a passive de- 
vice, such as the line rupture controls. 
In the absence of a continuous self- 
monitoring feature, an alarm system 
should occasionally exercise itself or 
at the very least be capable of demand 
interrogation. 


on Valve 


Piston motor, operated by gas pressure, 
can close valve. Valve may be operated 
with hand wheel (right of valve). 


The wilderness area through which 
the Corning-Eureka pipeline was built 
precluded the use of conventional tele- 
metering techniques permitting the in- 
clusion of any of the above features. 
With only one exception, the line rup- 
ture valves are located at a consider- 
able distance from commercial tele- 
phone and power lines. Some thought 
was given to the use of power line 
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carrier, using the company’s 110,000-v 
transmission line, which roughly paral- 
lels the gas line. The problems that 
the necessary protective structures, 
traps, and filters would pose, however, 
reduced the use of power line carriers 
to a last resort. 


Mobile Radio System 


The only feasible means of commu- 
nication in the area was the company’s 
mobile radio system. Through a sys- 
tem of mountain top repeater stations 
controlled from the Cottonwood sub- 
station and the Humboldt load center, 
there is almost blanket coverage of the 
area. One possibility for an alarm 
system was to use the mobile system 
for transmitting a distinctive signal 
that could be identified by the operator. 

As early as 1956, FCC had author- 
ized the use of “tone signals for con- 


Differential-Pressure 


— 
Reverse Flow 
Relief Valve 


Alarm Switch 9 
Regulator 


Bleed 


Check Valves 


Forward Flow 


Reverse Flow 
(Normal) 


Fig. 6. Trip Valves and 
Assorted Equipment 


Equipment senses abnormal or reverse 
flow, closes valve, initiates alarm, and 
records pressure differential. 
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Fig. 7. Shelter for Trip Valves 
and Recorder 


Shelter protects equipment from moun- 
tain weather. 


trol purposes other than the establish- 
ment or maintenance of voice commu- 
nications” for licensees of the Forest 
Products Radio Services? and _ the 
Railroad Radio Service.* 

Subsequently the National Commit- 
tee for Utilities Radio urged the com- 
mission to extend this privilege to the 
Power Radio Service to permit the 
use of tone signaling and outage indi- 
cators.* FCC amended its ruling to 
permit “a mobile service licensee in 
the Power Radio Service . . . to op- 
erate an Operations Fixed Station on 
any mobile frequency . . . for the sole 
purpose of automatically indicating 
failures in electric power transmission 
systems.” 

On the basis of this favorable ruling, 
the National Committee for Utilities 
Radio and the American Gas Associ- 
ation filed petitions for reconsideration 
of this ruling seeking “to afford the 
same privileges to gas, water, and 
steam licensees to locate failures in 
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their transmission and distribution sys- 
tems.” These petitions were again 
followed by favorable action by FCC 
(see Appendix). 

On the basis of this new ruling and 
the almost immediate approval of its 
license application, the author’s com- 
pany placed orders for the remote 
outage indicators and the base station 
equipment. At that time there was 
only one type of outage locator com- 
mercially available. The remote unit 
of the available equipment met the sys- 
tem requirements in many respects, 
but the decoding equipment at the base 
station did not meet the requirements 
established for this service. 

The remote alarm unit consists of 
a mobile radio transmitter that emits 
a pulsed audio tone of not more than 
3-sec duration once each minute for 
5 min. 

The decoding equipment offered at 
that time consisted of a tone-sensitive 


Fig. 8. Alarm Equipment Shelter Beside 
Trip Valve Shelter 


Alarm equipment is also placed in a pro- 
tective shelter. 
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2 4 1 
Fig. 9. Code Display for Unit 241 on 
Heat-Sensitive Tape 


Pips are recorded as pulsed tones and 
received from remote units. 


device that monitors the mobile base 
station communication receiver. This 
equipment records pips on a_heat- 
sensitive recording tape. The tape 
remains stationary in the recorder until 
a tone of the correct frequency is 
received. 

When a tone is received, the re- 
corder is started and the pips are re- 
corded. At the same time, an audible 
alarm is sounded. The tape is then 
visually scanned to determine which 
indicator has alarmed (see Fig. 9). 

Concern arose that the heated writ- 
ing head of the recorder, which stays 
for long periods on a single point of 
the tape, could conceivably cause a tape 
failure and a subsequent loss of record. 
Because of the operator’s inability to 
interrogate the status of alarms, a tape 
failure would mean that the alarm in- 
formation would be irretrievably lost. 

It was the company’s opinion that 
a conventional electromechanical relay 
pulse-counting system with a visual 
annunciator display would have a 
better chance of getting at least one 
valid registration out of the five code 
transmission than the tape-type moni- 
tor would. 


Operation of Equipment 


The line rupture valves are located 
in two operating divisions, Shasta and 
Humboldt, each having its own mobile 
radio frequency. A field survey was 
made, including signal strength meas- 
urements at each of the repeater sta- 
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tions, to determine the feasibility of the 
alarm system at each location, and to 
determine on which frequency each 
unit should transmit. It was found 
through this survey that three of the 
locations should be monitored from the 
Cottonwood substation in the Shasta 
division and the other two from the 
Humboldt Load center in Eureka 
(Fig. 1). 

The remote units consist of a stand- 
ard 12-v mobile transmitter, a timer, 


Control 


e 
Station 


Filter 


Decoder 


Transmitter 


Annunciator 
Same as Remote 


Alarm Unit 2 


Remote Alarm Unit 1 


JAMES H. STANNARD JR. 


Jour. AWWA 


During the code transmission se- 
quence, the transmitter is turned on 
for 3 sec, during which time a unit- 
identifying two-digit decimal code is 
transmitted with a specific tone at ap- 
proximately 10 cycles per second. 
The transmission is repeated five times 
at 1-min intervals, after which the unit 
shuts down. 

This unit, along with the necessary 
batteries, will be mounted in the sec- 
ond shelter. A yagi antenna (a radi- 


Repeater 


Oscillator 


Same as Remote 
Alarm Unit 2 


Remote Alarm Unit 2 


Pressure Switch 


Fig. 10. Operation of Alarm System 


Signals from all remote alarm units are received by control station through repeater. 


a single-tone oscillator, and a motor 
code sender. The action of a differen- 
tial trip valve closes the pressure 
switch that starts the timer. The 
timer, in turn, immediately energizes 
the transmitter and tone oscillator fila- 
ments and the transmitter crystal oven. 
Approximately 1 min later, after the 
crystal has reached stabilization tem- 
perature, the timer initiates the code 
transmission sequence. 


ating antenna and one or more direc- 
tors and reflectors arranged along a 
line) will be mounted on an adjacent 
60-ft pole. Presently it is planned 
that dry cells will be used for battery 
power. As the alarm system is com- 
pletely passive, with the exception of 
an occasional manual test sequence, 
shelf life will govern the frequency of 
battery replacement. Dry cells have 
a better low-temperature characteristic 
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than do most wet cells or storage 
batteries. 

Figure 10 diagrams the alarm sys- 
tem. The base station monitoring 
equipment consists of a band pass 
filter, an amplifier, a digital decoder, 
an alarm bell, and an annunciator for 
visual display. The band pass filter is 
connected in parallel with the speaker 
of the communications receiver. If a 
tone of the proper frequency is de- 
tected, it is amplified and initiates an 
audible alarm and operates the digital 
decoder. If the pulse count is valid, 
that is, if it matches the code of one 
of the remote units, the appropriate 
annunciator light is lighted. If the 
code is incorrect, it is rejected, but the 
audible alarm is still sounded. 

The decoding equipment at Cotton- 
wood substation is incorporated in a 
single chassis which will be mounted 
on a standard 19-in. rack (Fig. 11). 
The communication racks at Cotton- 
wood are all within sight of the opera- 
tor, and no problem is posed by having 
the annunciator indication at this point. 

At the Humboldt load center, the 
communication racks are located in 
another room. In this case, the an- 
nunciator and alarm bell will be in- 
stalled in a separate assembly. 


System Limitations 


This system is limited in its opera- 
tion by the present rules of FCC in 
that it is impossible to verify an alarm 
or check the status of the various re- 
mote units after a false or unintelligible 
alarm. Serious consideration has been 
given to the possibility of adding an 
interrogation feature. If FCC should 
permit two-way signaling, it would 
be entirely feasible to add a remote 
receiver and some associated decoding 
equipment at the remote locations. 
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Reasonable battery life could be 
achieved by disconnecting the speaker 
of a transistorized receiver. Leaving 
the speaker connected would result in 
increased battery drain during periods 
of normal voice traffic on the mobile 
system. 

In regard to this possibility, FCC has 
had some correspondence with the 
National Committee for Utilities Radio 
regarding proposed rule changes regu- 
lating the use of coded tones for pur- 
poses other than indication of actual 
failure or outage. These would in- 
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Decoding Equipment Mounted 
on Single Chassis 


Fig. 11. 


Alarm bell rings and appropriate alarm 
light goes on to indicate a valve closure. 


clude request telemetering or status 
indication, remote operation of various 
devices, abnormal or automatic opera- 
tion indication, and many others. 

The decision to use a one-way 
alarm system was based almost en- 
tirely on the lack of other means of 
communication. Such an alarm sys- 
tem falls short of the normal require- 
ments of reliability. When FCC per- 
mits the use of two-way signaling, the 
company’s present equipment will be- 
come a valuable adjunct to the other 
conventional communication links for 
telemeters, and supervisory 


alarms, 
controls. 
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Paragraph (d) of Section 11.253 is 
amended to read as follows: 


11.253 Frequencies available for op- 
erational fixed stations. 


(d) A mobile service licensee in the 
Power Radio Service may be authorized 
to operate an Operational Fixed Station 
on any mobile service frequency above 
25 megacycles already assigned to the 
licensee, where such fixed operation is for 
the sole purpose of automatically indicat- 
ing failures in transmission or distribu- 
tion systems. All such fixed operations 
are subject to the condition that no harm- 
ful interference be caused to any station 
in the mobile service operating on the 
same frequency, and are further subject 
to the following limitations, requirements 
and exemptions : 

1. The plate power input to the final 
radio frequency stage of any transmitter 
shall not exceed 50 w. 

2. Without the necessity of the show- 
ing specified by Section 11.103(b), and 
notwithstanding the other provisions of 
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Section 11.103, authorizations will be is- 
sued for types Al, A2, or F2 emission 
with a maximum authorized bandwidth 
not to exceed that permissible for mobile 
service use of the frequency involved. 

3. With respect to a particular failure 
an Operational Fixed Station licensed 
pursuant to this paragraph is limited to a 
total of five transmissions of up to three 
seconds each, no two transmissions to 
commence in the same 60-sec period. 

4. No transmitter shall transmit its call 
letters or geographical location except by 
means of special code. 

5. All Operational Fixed Stations li- 
censed pursuant to this paragraph are 
exempt from the requirements of Sec- 
tion 11.54(e) (2), 11.107(c), 11.152 and 
11.154: Provided, however, that all trans- 
mitter adjustments or tests having poten- 
tial effect upon the proper operation of 
such Stations shall be made by or under 
the immediate supervision and responsi- 
bility of a person holding a first or second 
class commercial radio operator license, 
either radiotelephone or radiotelegraph. 
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Lagoon Disposal of Lime Sludge 


Louis R. Howson 


A paper presented on Mar. 21, 1960, at the Illinois Section Meeting, 
Chicago, Ill., by Louis R. Howson, Partner, Alvord, Burdick & How- 


son, Chicago, Il. 


E disposal of sludge from lime 

water-softening plants has been a 
major operating problem since munici- 
pal lime water softening in the United 
States was begun at Oberlin, Ohio, 
nearly 60 years ago. The reason for 
this problem is largely one of econom- 
ics. Situations in which the sludge 
can economically be reclaimed and re- 
calcined are relatively few. Probably 
more than 90 per cent of the lime-soda 
softening plants in this country find 
the disposal of lime sludge on the red 
side of the ledger. Thus they try to 
get rid of the sludge in the cheapest 
way possible—usually by lagooning or 
discharging it into streams. 

This situation is not limited to water 
softening plants. In many sewage 
treatment plants, the disposal of sew- 
age sludge has also become a more 
difficult problem than the sewage treat- 
ment itself. Although lime sludge dis- 
posal by lagooning has been practiced 
more extensively than all other meth- 
ods of disposal for several decades, 
there are few data and little in the 
literature to assist in avoiding the an- 
noyances commonly arising from this 
method of disposal. This discussion 
is an evaluation of some of the vari- 
ables, made so that some of the diffi- 
culties might be avoided. 


Sludge Disposal in Illinois 


Some years ago an AWWA com- 
mittee studied and reported on the 
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disposal of wastes from water purifi- 
cation and softening plants. The com- 
mittee made an inventory of the proce- 
dures for disposing of softening plant 
sludge used in 1944. The census made 
in that study’ showed that 58.4 per 
cent of the plants reported disposed 
of their sludge in water courses, 29.6 
per cent in sludge beds or lagoons, and 
8.6 per cent to sewers, leaving only 3.4 
per cent disposed of by other methods. 
Dilution and lagooning was the method 
of 88 per cent of all plants then in 
operation. 

Illinois, with 41 softening plants at 
that time (11 per cent of those report- 
ing), had 66 per cent of those plants 
using sludge beds or lagoons, 12 per 
cent discharging to flowing water 
courses, and 17 per cent to sewers. 
The high percentage of Illinois plants 
discharging to sewers is probably a 
reflection of the number of suburban 
villages in the Chicago area that dis- 
charge their sludge to sewers leading 
to the large treatment plants of the 
Metropolitan Sanitary District. These 
softening plant wastes constitute a 
small part of the total sewage flow 
treated in the Metropolitan Sanitary 
District plants. This practice has 
been followed for many years without 
apparent detriment to the sewage treat- 
ment process. In fact, the sludges 
have sometimes been reported as as- 
sisting in the precipitation of the sew- 
age solids. 


= 


1170 LOUIS 

At one Chicago suburb, just outside 
the Metropolitan Sanitary District 
and having its own sewage treatment 
plant, the softening plant sludge was 
discharged to the sewers for several 
years. The sludge finally accumulated 
in the hoppers of the Imhoff tanks 
to such an extent that it seriously af- 
fected the efficiency of the plant and 
its capacity to handle sewage wastes. 
When this was discovered, the soften- 
ing sludge was diverted from the 
sewers and pumped to two lagoons, 
which were used for some 6-8 years. 


Volume — cu ft/ton 


20 40 60 80 

Concentration of Solids — per cent 

Lime Sludge Volume and 
Solids Concentration 


Fig. 1. 


Good handling practices at the lagoon 
can increase solids concentration, thus 
increasing storage capacity. 


Later, since residential development 
approached the lagoon area, the sof- 
tening sludge has been hauled by truck 
to a large, abandoned gravel pit near 
the sewage treatment plant, at a cost 
of $12,000 per year. Figures pre- 
sented below indicate that approxi- 
mately 75 per cent of the $12,000 
now expended for hauling the liquid 
by truck could be saved by investing 
approximately $50,000 in a 3-mi 
pipeline. 

There are wide variations in the 
character and density of sludges as well 
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as marked differences in the ways they 
are handled in lagoons. 


Volume of Sludge 


By and large, each pound of com- 
mercial quicklime used in the soften- 
ing process results in about 2.5 Ib of 
dry softening sludge. As the sludge 
comes from the basins, it may contain 
about 1-10 per cent solids, with the 
volumes of sludge to be handled vary- 
ing inversely to the concentration of 
solids (Fig. 1). 

Thus the percentage of solids in the 
sludge as it comes from the settling 
basins obviously affects the storage 
capacity that must be provided in la- 
goons, but that capacity is also affected 
by whether continuous rather than ro- 
tating use, withdrawal of supernatant 
water, and exposure of the sludge to 
air drying are practiced. 

In one Illinois plant, for example, 
the sludge is discharged into an aban- 


doned quarry covering 6-7 acres, and 


originally 60 ft deep. The sludge has 
been deposited in water. As a result, 
the sludge is of low solids concentra- 
tion, and the storage volume is re- 
ported to be about 75 per cent occu- 
pied in less than 20 years. Unless 
the water is removed from the quarry 
to provide added space for sludge and 
to facilitate its compaction and drying, 
additional storage volume will be 
needed in a few years. 

When deposited under water, sludge 
remains flocculant. Where the capac- 
ity of the sludge storage basin is lim- 
ited, the supernatant should be with- 
drawn and disposed of. 

There is abundant experience to 
demonstrate that most softening-plant 
sludge can be dried in lagoons or on 
beds to approximately 50 per cent 
moisture content, about the same as 
ordinary soils. When dried to 50 per 


fis bs 
vA i 
sigs - 
| | 
| 
= — - 
| | 
0 
P 


Sep. 1961 


cent solids or even a little higher water 
content, the sludge can readily be han- 
dled by drag line equipment and re- 
moved from beds or lagoons, if desired. 

Considerable experience has been 
accumulated as to the volume that 
must be provided for sludge disposal. 
In order to make data from several 
softening plants readily usable, they 
have been expressed in acre-feet per 
year of 50 per cent moisture sludge 
per million gallons per day of water 
softened per 100 ppm of hardness re- 
moved. Table 1 shows the figures for 
a few plants where adequate data are 
available. 


TABLE 1 
Amount of Sludge Produced by Lime 
Hardness Removal 


Acre-{t of 50% 
Sludge /yr /mgd/ 


100 ppm 
City Hardness Removed 
Cedar Rapids, lowa 0.62 
Columbus, Ohio 0.52 
Sandusky, Ohio 0.66 
Lansing, Mich. 0.65 
Hinsdale, Ill. 0.45 


It will be noted from these figures 
that the capacity required on the as- 
sumption that the sludge is drained 
to 50 per cent moisture varies from 
0.45 to 0.66 acre-ft/yr/mgd/100 ppm 
of hardness removal. Some of these 
records are for fairly long periods; for 
instance, the Lansing, Mich., records 
cover a period of 15 years, during 
which the softening plant sludge was 
stored in three lagoons used alter- 
nately so as to attain maximum con- 
centration of solids. During this 15- 
year period, the water consumption 
averaged approximately 14 mgd; the 
average hardness removed was 289 
ppm. These lagoons were each 5.75 
acres in area, and in 15 years accu- 
mulated a depth of 17 ft. 
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DISPOSAL 


In contrast to the figures in Table 
1, Thomas R. Lathrop has called at- 
tention to sludge lagooning at Marion, 
Ohio, where a lagoon with three times 
as much storage volume as that at 
the five plants in Table 1 was com- 
pletely filled in 1 year.? It is reported 
that this lagoon, an abandoned quarry 
and borrow pit 400 ft long, 75 ft wide, 
and 20 ft deep, was filled with sludge 
in about a year. The moisture con- 
tent of the pit was not reported, but 
it is stated that “after drying for some 
time, the moisture content is reduced 
to about 60 per cent. It is difficult to 
get a lower moisture content, and the 
sludge is of such consistency that it 
is difficult to handle.” 

The Marion situation, as compared 
to that at Lansing, illustrates another 
important factor in lagooning lime 
sludges—good practices in the use of 
storage volume. There should be a 
sufficient number of basins, usually not 
less than three, so that one basin can 
be filled to a depth of some 3-5 ft with 
sludge as it is drawn from the tanks. 
Sludge should be stored long enough 
for its moisture to be reduced to 50 
per cent before additional sludge is 
added. By that time, the sludge will 
have shrunk to about 16 per cent of 
its volume as discharged to the lagoon. 
That is, a 36-in. loading would prob- 
When 
that is accomplished, the lagoon can 
again be filled and the process re- 
peated. Filling a deep lagoon (20 ft 
at Marion) without decanting the su- 
pernatant so as to expose the sludge 
surface to air drying and without pro- 
viding opportunity for the sludge to 
dry itself before new wet sludge is 
added is wasteful of sludge storage 
space. Computations would indicate 
that the Marion quarry sludge prob- 
ably had an average moisture content 
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of about 80 per cent when it became 
full at the end of the year’s use. 

Because of the desirability of filling 
the same lagoon several times, berms 
should originally be made at least 6-8 
ft high. The berms should also be 
of such width, about 12 ft, that a drag 
line can operate from them to pull 
dried sludge up out of the lagoons to 
increase the berm height and to in- 
crease the overall storage capacity. 
Sludge so removed with about 50 per 
cent moisture may be “gummy” when 
placed on top of the berms, but will 
readily dry out and form excellent 
impervious embankment material. 

It is also good practice to fill la- 
goons at one end and drain off the 
supernatant at the other end. That 
will cause the sludge to flow over the 
entire lagoon area. The supernatant 
should be kept drained off so as to 
expose the sludge to the air to facilitate 
drying. 


Transportation of Sludge 


Hydraulic transportation is the 
cheapest way to move liquid sludge 
from the treatment plant to the dis- 
posal site. The quantities are small, 
and a 6-in. pipeline will usually be 
adequate to transport the sludge from 
a city of nearly 500,000 people. The 
sludge in ordinary consistency pumps 
readily, and few problems have been 
experienced with transporting dis- 
tances of 2 or more miles. Asbestos- 
cement pipe is frequently used for that 
purpose. In most areas, which are 
usually semirural around the lagoons, 
the cost will approximate $18,000 per 
mile for 6-in. pipe. For a city of 
100,000 or less, 4-in. pipe will usually 
be adequate. 

Estimates have been made of the 
cost of pumping lime sludge to disposal 
sites with land costing $150-$450 per 
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acre and with distances of 1-3 mi. 
The estimates are based on purchasing 
3.3 acres of land per mgd of treatment 
plant capacity, which should be ade- 
quate when developed by multiple 
basins operated on a “fill and dry” 
basis and where the hardness removed 
is 200 ppm or less. In locations where 
the hardness removal exceeds 200 
ppm, larger area or deeper lagoons 
should be provided. Where lower 
land costs are available farther from 
the plant, longer pipe lines may be 
justified. 

Based on a 10-mgd softening plant, 
the annual costs will vary from ap- 
proximately $125 to $250/mgd/100 
ppm of hardness removed. In other 
words, lagooning the sludge from a 
plant handling 10 mgd from which 
100 ppm of hardness is removed will 
cost $1,250-$2,500 per year, including 
the cost of pumping the sludge and 
the interest and amortization of the 
cost when financing with 4 per cent 
30-year revenue bonds. 


Conclusions 


From the foregoing general obser- 
vations it is believed that the following 
conclusions may be drawn. 


1. Where land is available for 
sludge disposal by lagooning, that 
method is usually most economical. 

2. The cheapest means of transport- 
ing sludge from the treatment plant to 
the disposal plant site is by pumping 
through a pipeline. 

3. Although sludges vary in their 
character, composition, and volume, it 
may be assumed without material error 
that on a dry basis there will be ap- 
proximately 2.5 Ib of sludge produced 
per pound of commercial lime used in 
the softening process. 

4. Most softening plant sludges will 
air-dry in well designed lagoons or 
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beds and operated with supernatant 
removed to facilitate drying to about 
50 per cent moisture. 

5. When lime-softening sludge is 
reduced to 50 per cent moisture con- 
tent, it will occupy only 16 per cent 
as much space as when applied con- 
taining 90 per cent moisture, or 8 per 
cent as much volume as when applied 
with 95 per cent moisture. 

6. Although data upon which to 
base an opinion are meager, it is be- 
lieved that sludge deposited in a lagoon 
where it is always submerged will not 
compact to less than about 70 per cent 
water. In this condition it will occupy 
twice as much storage space as it 
would if dried to 50 per cent. 

7. About 0.5-1 acre-ft/yr/mgd/100 
ppm of hardness removed is required 
to store sludge for one year when dried 
to 50 per cent moisture. 

8. Where lagooning is practiced, 
there should be at least three lagoons, 
each capable of holding approximately 
one year’s supply of wet sludge. 

9. As a general figure where sludge 
can be lagooned to 10 ft deep, it is 
desirable to have 3-5 acres available 
for sludge beds for each mgd plant ca- 
pacity in order to provide for the 
future, 

10. Beds, besides being in multiple 
and with supernatant regularly drained, 
should be operated on a “fill and let 
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dry” basis. Sludge should be applied 
to a depth of 3-5 ft which, when dried 
to 50 per cent moisture, will usually 
shrink to 6-10 in. deep. 

11. Because of the desirability of 
applying at least 3 ft at a time, berms 
surrounding sludge lagoons should be 
built 3-5 ft above maximum sludge 
level when filled. Berms should be 
broad enough (about 12 ft) to permit 
operating a drag line on them and to 
permit raising their top elevation. 

12. Sludge dried to about 50 per 
cent moisture makes excellent material 
for berms and will further dry out and 
compact to make an impervious fill 
when placed on top of berms. 

13. In operating lagoons for sludge 
beds, it is desirable to fill at one end 
and decant or otherwise withdraw 
supernatant at the other end. 

14. It is desirable to keep the water 
level in lagoons as low as possible to 
facilitate compaction. Experience has 
demonstrated that 50 per cent solids 
is practicable. 


References 


1. Brack, A. P. Lime and Lime-Soda 
Sludge Disposal. Jour. AWWA, 
41:819 (Sep. 1949). 

2. LatHrop, T. R. Disposal of Sludge 
at Water Purification and Softening 
Works of the Mahoning Valley 


Sanitary District—Discussion. Jour. 


AWWA, 24:1531 (Nov. 1933). 


7s 


Pipe System 
AWWA Distribution Manual 


A training course in water distribution has been prepared under the 
supervision of AWWA Committee 4620 M—Education. The docu- 
ment is being published in installments (April 1961 issue, p. 458 ; June 
1961 issue, p. 790; July 1961 issue, p. 907), and will afterwards be made 
available as a separate volume. 


ANY construction materials have been used to carry water, first with 
gravity flow and later with flow under pressure. Stone, vitrified 
clay, wood, lead, copper, cast iron, wrought iron, steel, cement, concrete— 
even bamboo—and various combinations of materials have all been used. 
¢ It is worthwhile to have some knowledge of the older pipe materials, be- 
cause some of these presently little used materials are still in service in 
many of the older water systems. 

Modern types of pipe commonly used for carrying water under pressure 
include cast iron, asbestos-cement, steel, and plain and prestressed re- 
inforced concrete, with or without an internal steel cylinder. In the smaller 
sizes of distribution piping, steel, wrought iron, cast iron, copper, brass, 
lead, and even synthetic materials are in common use. Plastic pipe, a 
relative newcomer in the field, is being actively developed, tested, and 
installed in sizes ranging up to 12 in. in diameter. 

There still remain in service, particularly in the northeastern United 
States, many pipelines of cement-lined and coated sheet iron installed dur- 
ing the middle of the nineteenth century. In many sections of the country 
wood stave and riveted or lock-bar steel pipelines laid early in this cen- 
tury are continuing to serve as water carriers. 


Cast-Iron Pipe 


The first recorded use of cast-iron pipe was in Germany in 1455. In 
the fountains at Versailles, France, cast-iron mains laid in 1664 are still 
in service. The earliest recorded use of cast-iron pipe in water distribu- 
tion systems in the United States was in Philadelphia in 1817. The mate- 
rial is highly resistant to corrosion and has other desirable properties. 
With the exception of pipe laid in corrosive locations, few cast-iron pipe- 
lines have deteriorated sufficiently in physical condition to establish a 
measure of their ultimate life. 
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There have been four chief types of cast-iron pipe differentiated by 
method of manufacture: (1) horizontally cast; (2) pit cast (vertically cast 
in sand molds) ; (3) centrifugally cast in sand-lined molds; and (4) cen- 
trifugally cast in metal molds. Only the last two types of cast-iron pipe 
are in general production today. 

Cast-iron pipe was originally used without special coating or lining. 
Later the cast pipe was dipped into a vat to coat and line it with a coal-tar 
pitch varnish or enamel. Such linings did not protect the interior surface 
for long from the action of certain waters, and subsequent pitting and the 
formation of growths known as tubercles substantially increased friction 
and reduced carrying capacity. A method of lining with cement mortar 
was introduced about 1920. This lining, together with thicker, centrifu- 
gally applied bituminous linings, protects the interior of the pipe from tu- 
berculation and preserves its carrying capacity. Except in certain loca- 
tions or under special conditions, most cast-iron pipe now being installed 
is lined with cement mortar or bituminous enamel. Friction losses in older 
unlined pipe may be, and frequently are, more than twice as much as in 


lined pipe. 
Asbestos-Cement Pipe 


Asbestos-cement pipe, in use for over 30 years, is composed of asbestos 
fiber and portland cement mortar combined under pressure into a homo- 
geneous structure in which a strong bond is effected between the two 
materials. Among its advantages are a high resistance to most corrosive 
conditions; freedom from electrolysis; its ease of handling, installation, 
jointing, and tapping; flexible joints; and a high sustained carrying ca- 
pacity under most conditions. Some disadvantages are its relatively low 
resistance to flexural stresses, causing breakage and necessitating care in 
bedding and installation; its susceptibility to puncture by rocks or tools; 
and its nonconductivity, which makes electric thawing impossible. 


Steel Pipe 


Steel pipe has long been used for water distribution. The development 
of welding techniques has increased the use of steel pipe, particularly in 
the larger sizes. It is lighter in weight than cast-iron or concrete and is 
easily cut and welded. It is easily installed and jointed, has some flexi- 
bility in action, and can be designed in thickness and strength to meet the 
most severe conditions. It is, however, less durable and sometimes more 
expensive than competitive pipe, although protective linings and coatings 
can be applied to increase its durability and service life. Such linings 
are, however, sometimes adversely affected by the flexibility of the pipe if 
subjected to bending from trench loads. 
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Reinforced-Concrete Pipe 


Reinforced-concrete pipe has long been used for the larger sizes of 
transmsision and distribution mains. Since the advent of prestressed- 
concrete pipe in the early 1940’s, more and more of this type of pipe has 
been used in sizes 16 in. and larger. It is generally more economical in 
these sizes than other types of pipe. It has the advantages of durability, 
strength, flexible joints, sustained carrying capacity, and ease of installa- 
tion. Although it is heavy and somewhat difficult and costly to tap, its 
many advantageous features have rapidly brought modern prestressed- 
concrete pipe to the fore among the kinds of pipe used in larger sizes for 
distribution systems. 


Plastic Pipe 


The introduction of plastics as pipe materials in the past few years has 
raised increasing interest in this material for water system use. In small 
sizes, it is being used more and more—for instance, in service lines. It 
is light in weight, generally noncorrosive, and has a high carrying capacity. 
The jointing problem is being satisfactorily solved. The installation of 
plastic pipe may, in time, take the form of a more or less continuous ex- 
trusion process. Undoubtedly plastic pipe will become more and more 
used as refinements in materials, manufacture, and installation progress. 


Fittings 

The basic materials for special fittings required in the pipe system, such 
as tees, crosses, and bends, are cast iron and steel. The use of cast-iron 
fittings with cast-iron and asbestos-cement pipe is considered standard. 
These fittings can also be used with concrete and steel pipe with suitable 
adapters. Asbestos-cement pipe also requires adapters for 8-in. and larger 
sizes. Made-up concrete and steel fittings are also provided by the manu- 
facturers of those types of pipe. 


Jointing Materials and Methods 


Until about 1935 the common type of joint for cast-iron pipe was the 
bell-and-spigot joint. After assembling the pipe by inserting the spigot 
into the bell end, the joint was made tight by packing strands of jute or 
yarn in the joint and then pouring a molten material, calking it after hard- 
ening to seal the joint. At first lead was commonly used for this purpose. 
About 1920 various sulfur compound materials were substituted for the 
lead and came into common use. In some parts of the country cement 
joints made of neat cement slightly moistened and calked were quite com- 
monly used. 

The next development was a bolted type of mechanical joint consisting 
of a follower ring pulled up by bolts to compress a rubber gasket. This 
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It provided watertightness under 


joint largely displaced the poured joint. 
pressure as well as joint flexibility. 

Since 1955 rubber-gasketed bell-and-spigot slip joints have largely 
superceded all other types of joints for use with cast-iron pipe. These 
are provided by various manufacturers under trade names, all essentially 
consisting of a rubber or composition gasket fitted and held in the bell end 
of the joint, the spigot end being shoved into the bell, compressing the 
gasket. Watertightness, flexibility, and ease and economy of installation 
are all features of this type of joint. 

Asbestos-cement pipe is joined with a roll-on rubber gasket coupling 
made of similar material. Steel pipe may be welded or have plain ends 
joined with mechanical rubber-gasketed couplings. Concrete pipe uses 
slip-on rubber-gasketed bell-and-spigot joints similar to those now used 
with cast-iron pipe. 


Valves and Hydrants 


The selection and location of valves and hydrants are of great impor- 
tance to a properly designed distribution system. As valves form a part 
of the pipe system and remain in service for many years, care should be 
exercised in selecting them for steady and long-lasting service. 


Valves 

The standard valve for distribution service has in the past been the 
double-disc parallel-seat cast-iron valve with bronze-mounted seat and 
gate rings, wedges, and a non-rising stem. Normally, valves are placed 
in the pipeline with a valve box extending to the street surface. They have 
a nut at the top over which is fitted a gate key for opening and closing the 
valve. Frequently larger valves are placed in vaults, with manhole ac- 
cess, to facilitate operation and maintenance. Large valves generally are 
equipped with small bypass valves to reduce pressure differentials upon 
opening and closing and often have spur or bevel gearing to reduce the 
labor of operation. If valves are laid horizontally in the pipeline, care 
should be taken to have the valves equipped with bronze or babbitt tracks 
to carry the weight of the gates throughout their travel on rollers or shoes. 

Double-disc valves with inclined seats and solid-wedge type valves are 
also used in distribution pipelines. 

Recently, and more commonly in the larger sizes, rubber-seated but- 
terfly valves are being increasingly used in distribution installations. 


Hydrants 

Fire hydrants for ordinary water service are usually one of two types 
of post hydrants—the compression type (opening against or with the pres- 
sure) and the gate type. They may have from one to four nozzles, the 
most common being equipped with two 2}-in. hose nozzles and one 4-in. 
steamer or pumper nozzle. 
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The size of hydrant refers to the size of the hydrant main valve open- 
ing, which may vary from 4 to 6 in. in diameter. For two hose nozzles 
and one steamer nozzle a hydrant usually should have at least a 5-in. valve 
opening. The length of a hydrant, or “bury,” is the distance from the 
bottom of the connecting pipe to the ground line at the hydrant and is 
generally given in units of 4 ft. 

Hydrant barrels are of cast iron with moving parts, such as valve 
facing, being of bronze or other noncorrodible metal. The barrel and oper- 
ating mechanism should be so designed that, in the event of damage or 
breaking of the hydrant above or near the grade level, the main valve will 
remain reasonably tight against leaking or flooding. 


Design Requirements 


Pipe and special fittings used in distribution systems must be designed 
to withstand the various forces acting upon them. They must withstand 
internal water pressure induced by static and kinetic pressures and such 
shock pressures as result from water hammer. They must withstand 
external pressures acting on them such as from trench loads and live loads 
resulting from heavy traffic and impact. 

Pipe is generally purchased for several standard ratings. In common 
practice, pipe is designed for four classes of working pressures 100 psi, 
150 psi, 200 psi, and 250 psi. Pipe is tested to several times the normal 
working pressures, and allowances are made for water hammer. 

Exterior trench and traffic loadings must similarly be provided for as 
to the shape, width, and depth of the trench, as well as methods of back- 
filling. All these factors play a part in how much exterior pressures are 
exerted on the pipe. Design tables for determining the thickness of metal 
required in various sizes of pit-cast and centrifugally cast pipe under vary- 
ing internal pressures, trench conditions, and depths of cover have been 
promulgated as part of AWWA C101.* 


Standards 


“Standards” are documents setting forth generally recognized measures 
or requirements for materials or services as established by competent au- 
thority after experimentation, test, and experience in actual practice. They 
are commonly used as an aid to the purchaser of products or services in 
the writing of his own contract specifications. Although a standard may 
not have any legal force of its own, compliance with all or certain of its 
provisions may be required by the purchaser as part of his contract agree- 
ment with the purveyor of products or services. Thus, as standards come 

* American Standard Practice Manual for the Computation of Strength and Thick- 
ness of Cast-Iron Pipe—AWWA C101 (ASA A21.1). Am. Wtr. Wks. Assn., New 
York (1957). 
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into greater and greater use, the purveyor is persuaded to improve his 
product or service to comply with generally accepted measures of quality, 
and the interests of both purchaser and purveyor are better served. 

In the water supply field, the principal organizations producing recog- 
nized standards are AWWA, ASA, ASTM, and the federal government, 
although many other organizations produce standards that are of some 
interest to the field. 


Selection of Materials 


A number of factors must be weighed in selecting the best type of pipe 
for installation in any system or even in different parts of the system. 
Relative costs, availability, durability, initial and sustained carrying ca- 
pacity, and ease and economy of installation and maintenance should all 
be considered. 

Of the pipe materials presently being used, cast iron and prestressed 
concrete are the most rugged and durable. In streets with heavy traffic 
and good pavement the most durable materials should be used to insure 
long life and low maintenance costs. On less important streets and pri- 
vate rights-of-way, durability is not so important if economies can otherwise 
be effected. All pipeline installations should be designed for the maxi- 
mum pressures they are likely to undergo as well as for the particular 
trench loadings expected. 

Special installations, such as subaqueous stream crossings, installations 
on bridges, or important highway or railroad crossings, may require spe- 
cial treatment. 


Ease of Installation and Repair 


In addition to the cost of the materials, the expense of installation is 
important. Pipe manufacturers, over the years, by continued research, 
have developed new methods of joining pipe to save labor costs. 

The progress made in methods of joining pipe has produced joints that 
are about as economical and easy to make as appears possible. Contractors 
are sometimes slow to accept new methods of installation and to pass along 
the resulting reduction in costs. In time, competition forces them to do so. 

In simplifying their products, pipe manufacturers have reduced the 
length of shutdown time and labor needed to make repairs. A certain 
amount of repair and maintenance work is unavoidable, and a stock of 
repair items must be maintained. Overstocking of repair items should be 
avoided, but a sufficient supply of items should always be kept on hand for 
routine repairs. 

Not only are stock repair items important, but an experienced super- 
visor on the job can contribute immeasurably to the efficiency of the work 
and reduce the length of service interruptions. 
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Location of Facilities 


New mains are installed for four basic reasons: (1) extension of service 
to new customers; (2) general reinforcement; (3) localized reinforcement ; 
and (4) replacement of existing facilities. A study should be made in 
each case to select the pipe sizes and locations adequately to satisfy present 
and future demands. 

Each installation should be studied to determine the best location for 
the proposed pipeline. Certain locations, such as south and east sides of 
streets, may be ordered by the municipality, or may be mutually agreed on 
by the various utilities using the streets. 

Some consistent pattern for locating pipelines, valves, and hydrants 
should be developed and closely followed. There may be preferred loca- 
tions within the street limits which could reduce installation costs. Pave- 
ment removal and replacement are so expensive that if pipes can be located 
in control turf areas or even under sidewalks costs can be reduced. Loca- 
tion of other utility lines, such as gas, telephone, sewer, and heating con- 
duits, sometimes makes proper location of the water lines difficult. 

In some locations a dual or two-main system may be advisable, with 
a large main for fire protection on one side of the street and a smaller 
service main on the opposite side. This has the advantage of reducing 
pavement cutting and service installation costs. 

Street grades and main elevations should be taken into consideration 
so that mains once laid need not be disturbed by regrading. Even after 
every precaution has been taken in locating the pipelines, there are still 
occasions when they must be relocated or lowered. 


Rights-of-Way 


In the expansion of the existing highway systems under the federal 
government’s aid program, and in constructing superhighways, water utili- 
ties are sometimes faced with enormous costs in carrying forward main- 
laying programs or in protecting existing installations. The relocation and 
abandonment of existing pipelines brought about by highway construction 
are resulting in high costs to many utilities. Utilities are reimbursed for 
such costs in some areas, but in many areas they are not. 

Many utilities are finding it advisable to locate pipe in utility easements 
or in acquired rights-of-way. These easements are resorted to when sav- 
ings can be realized in reduced pipe lengths, smaller installation costs, or 
the elimination of future relocation. 


Design Sketches 


For future use and to provide working plans, suitable sketches should 
be prepared prior to actual installation. The records necessary to initiate, 
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carry forward, and record main installations are described in more detail 
elsewhere in this manual. But from the initial sketches for the work to 
be performed, installation bids are solicited, pipe and fittings are ordered, 
permits are obtained, and deposit agreements are prepared along with other 
preliminary work. The importance of maps and sketches cannot be over- 
emphasized. They should be as accurate as possible without excess detail. 


Installation 


The installation of water mains involves transporting and handling the 
pipe and appurtenances; ditching and excavation; laying, joining, testing, 
and disinfecting the pipe; backfilling the trench; and replacement of road, 
paving, and sidewalk surfaces. Complete specifications for the installation 
of pipe and fittings are given in an AWWA standard, C600.* 


Excavation 


Excavation can be carried out in several approved ways—by hand 
labor, power shovel, back hoe, or trenching machine. In many respects 
the back hoe has proved to be a good piece of equipment for installing 
pipe, particularly in the larger sizes. It is effective in doing the excava- 
tion, and can handle the pipe from the trench side to its completed 
installation. 

The trench should be opened only so far in advance of pipe installation 
as is necessary. It is best to keep the trench as narrow as possible and 
to shape the bottom of the trench to form a complete bed. Blocking should 
preferably not be used under pipe, but if it is used it should be removed 
as soon as preliminary tamping of fill around the pipe provides full bear- 
ing. If rock is encountered, or if the bottom material is undesirable for 
bedding, it should be excavated 6 in. below the grade and refilled with sand 
or fine gravel tamped in place. 


Laying and Jointing of Pipe 

When the trench is suitably prepared, the pipe must be lowered and 
joined. Care must be exercised in handling so that it is not damaged. 
Various pipe manufacturers give special instructions for the handling and 
jointing of their pipe. 

Because the “shove in” or “roll on” pipe joints have largely replaced 
joints poured with lead, sulfur compounds, and cement, details of these 
older joints are not set forth here. Reference should be made to AWWA 
C600 for the details of making such joints. 

Sulfur compound joints were commonly used for cast-iron pipe during 
the period 1920-50. Much trouble has been, and is being, experienced 


* Tentative AWWA Standard for Installation of Cast-Iron Water Mains. Am. 
Wtr. Wks. Assn., New York (1954). 
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with joint failures and breakage of the bells of such joints under certain soil 
conditions. This is generally attributed to the expansion of the joint mate- 
rial, and much controversy has arisen concerning it. Not much can be 
done to correct such installations except at considerable expense. Bell 
clamps may be successful in stopping breakage or the joints can be cut out 
and refilled with some other joint material. 

The joining of the pipe should be done carefully. Each type of pipe 
requires special joining procedures. The distinctive sound of a joint being 
“home” should be heard on pushing the pipe together. If rubber gaskets 
are used, an inspection of completed joints should be made with “feelers” 
or by some other method to insure that the gaskets are properly seated. 
The newer types of joints are usually pulled together with “come-alongs,” 
bars, a back hoe, or a bucket and sling. The same methods are used in 
installing valves, fittings, and fire hydrants as with straight pipe. 


Valves, Hydrants, and Fittings 


Valves should be placed in some standard area, such as street or curb 
lines, to facilitate their location. A valve box should always be placed 
over a buried valve with its cover at the street grade. Geared valves some- 
times have enclosed gear and grease cases and are placed directly in the 
ground. Large valves are often placed in brick or concrete vaults. 

Fire hydrants should be so located as to be completely accessible to 
the fire department and yet, as far as possible, be protected from damage 
from vehicles and out of the path of pedestrians. Hydrant nozzles should 
be set to grade and not less than 12 in. above grade. They should be so 
pointed as to be accessible, but should be a sufficient distance back from 
curb lines to escape vehicle damage. Fire hydrants are now rarely con- 
nected to distribution mains except through properly gated 6-in. or larger 
hydrant laterals. Hydrants are made to be self-draining through drain 
ports when shut off. To accomplish this drainage, a pocket filled with 
gravel or crushed stone at least 2 ft in diameter should be provided under 
and around the hydrant base. In clay ground this pocket may need to 
be larger. The hydrant and lateral both should be braced or tied with 
rods to protect against shifting due to unbalanced water pressure. 

Blocking or firmly positioning tees, bends, caps, plugs, hydrants, and 
other fittings is an important part of pipeline installation. Any unbal- 
anced pressure in a pipeline must be counterbalanced with blocking or 
positive ties, inasmuch as many modern joints can easily be pulled apart. 

Sleeves are often used in the assembly of valves in pipelines. Care 
should be taken that pipe is solidly together, or “spacers” should be pro- 
vided to prevent lengthwise movement of the pipe resulting from the un- 
balanced pressure exerted by valve closure. 
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Backfill and Surface Restoration 


After pipe, fittings, valves and other appurtenances are installed and 
inspected, a selected backfill is placed in the trench—that is, the backfill 
should be free from rock, large stones, cinders, or other unsuitable sub- 
stances to avoid damage and to produce a dense, compact backfill. Backfill 
material should be tamped in layers around the pipe and for a height of 
at least 12 in. over the pipe barrel. If possible, joints should be left ex- 
posed until pressure and leakage tests are concluded. Where trench settle- 
ment is unimportant the remainder of the trench can be filled with exca- 
vated material pushed in by bulldozers and mounded over the pipe trench. 
In streets or other locations where settlement is undesirable, the backfill 
should be consolidated by tamping or by flooding with water to the top 
of the trench. Local highway regulations often dictate what the backfill 
shall consist of and what the methods used to place it should be. 

Proper restoration of paving, sidewalks, lawns, or shrubbery is impor- 
tant, for the general public will remember the restoration and cleanup much 
longer than the reason for installing the invisible main. 


Hydrostatic and Leakage Tests 


Hydrostatic-pressure tests and tests for leakage should be made when- 
ever possible, particularly on major installations. To make such tests each 
valved section of the main should be slowly filled with water and air should 
be expelled from the line through hydrants or taps made at the high points. 
The pressure test is usually made by means of pump and test gage and at 
a test pressure at least 50 per cent greater than the working pressure in 
the line. The test pressure should be maintained for at least 1 hr and an 
examination should be made of the line for visible leaks or pipe move- 
ment. Any obvious defects should be fixed before the leakage test is made. 

The leakage test should be conducted after the pressure test is com- 
pleted. Leakage tests are conducted by measuring, through a calibrated 
meter, the amount of water which enters the test section under normal 
working pressures for a period of at least 2 hr. 

It is prescribed in AWWA C600 that *: 


No installation will be accepted until the leakage is less than the number 
of gallons per hour as determined by the formula: 
1,850 


in which L is the allowable leakage in gallons per hour; N is the number of 
joints in the length of the pipeline tested; D is the nominal diameter of the pipe, 


* Tentative AWWA Standard for Installation of Cast-Iron Water Mains. Am. 
Wtr. Wks. Assn., New York (1954). 
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in inches; and P is the average test pressure during the leakage test, in pounds 
per square inch gage. 
Disinfection of Mains 

Although precautions may have been taken during installation to keep 
the interior of pipe and appurtenances free from debris and contamination, 
flushing and disinfection of the main are carried out to insure that a safe, 
potable water is delivered to customers. The best precaution is to swab 
out the pipe before installation. The use of bulkheads at the termination 
of day’s work prevents animals, insects, and surface drainage from enter- 
ing the pipe during the night hours. In spite of precautions foreign sub- 
stances will usually get into the pipe so flushing and sterilization are 
required. 

A good flushing of the line under pressure should be carried out to re- 
move any dirt and debris which may have entered the line. 

Mains may be disinfected with calcium hypochlorite in granular or tablet 
form, chlorine gas, or liquid chlorine. The use of calcium hypochlorite 
is one of the safest and easiest methods. The required amount of the 
chemical is deposited in each pipe section as it is installed. Depending 
on the elapsed time before the main is disinfected, the calcium hypochlorite 
can lose some of its potency through exposure to the atmosphere. An- 
other method is to apply a solution into the end of the main where the flow 
of water can distribute it throughout its length. After a 40-50 ppm chlo- 
rine is in the main it is allowed to stand for 24 hr. It should then be 
checked for residual chlorine which should be at least 25 ppm. If a satis- 
factory residual is obtained, a flow is induced to insure complete disinfec- 
tion, and the main is completely flushed. 

Also available for disinfection of pipelines is a portable injector for 
chlorine gas. It can deliver large amounts of chlorine and is especially 
useful in sterilizing larger mains. The rate of application can be controlled 
and the length of time for the injection process reduced. Portable units 
can be run by a gasoline engine where power is not available. 

Still another method is the use of liquid chlorine cylinders. This 
method could be dangerous unless the injection is supervised by competent 
employees. After a reduction in pressure the liquid chlorine is injected 
into the main. A flow of water in the main is necessary to distribute the 
chlorine. Freezing of chlorine can occur if the rate of application is not 
properly controlled. The flushing of the main should be thorough to get 
rid of the heavily chlorinated water before the main is placed in service. 


Cleaning of Pipe 
Sediment Deposits 
In most water distribution systems, it is necessary to clean out sand, 
turbidity deposits, and similar substances that settle out in the pipes when 
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the velocity of flow is not sufficient to keep them in suspension. A good 
flushing at high induced velocities once or twice a year usually removes 
the major part of such settlement. At times, however, if flushing has not 
been carried out at sufficiently close intervals, more positive methods of 
cleaning become necessary. One means of accomplishing this is to force, 
by water pressure and induced flow, a chain-covered, inflated rubber ball 
through the pipeline. The rotation of the ball and the scraping of the 
interior surface of the pipe by the chains stir up the more dense settled 
material and it is flushed out. Another method of accomplishing this is 
to use a pipe-cleaning instrument having spring-loaded steel scrapers. The 
instrument is forced along the pipeline by water pressure and scrapes up 
the deposited material so that it can be carried out ahead by the flushing 
action of the water. 


Tuberculation and Scale 


Another type of cleaning, often required in older, unlined cast-iron pipe, 
is the removal of tubercles and deposits produced by the corrosive action 
of the water on the bare metal of the pipe. Over the years these tubercles 
may grow by accretion to such an extent that they nearly fill the pipeline. 
There may be a combined buildup of tuberculation and coatings of chemical 
compounds present in the water, such as calcium carbonate and chlorites 
or iron and manganese deposits. The elimination of such growths and 
deposits requires mechanical cleaning with actual scrapers. 


Slime Growths 


The third type of pipeline deposit that must be periodically eliminated 
results from the growth of iron bacteria or slimes. Although sometimes 
hardly noticeable, these growths nevertheless produce greatly increased 
friction losses in the mains. They are generally more common in raw- 
water pipelines carrying unchlorinated water, as chlorination is frequently 
effective in eliminating them. Iron and manganese deposits frequently 
occur in cement-lined cast-iron, asbestos-cement, and concrete pipelines 
in distribution systems, however. The ball-and-chain cleaner or a similar 
instrument is usually effective in removing most of these deposits, although 
the scraper must occasionally be used. 


Reasons for Main Cleaning 


Cleaning is resorted to in order to reduce friction losses. Unlined cast- 
iron pipe, when new, has a Hazen-Williams coefficient ranging from 120 
to 130. Ina period of years the roughening of the interior surface of the 
pipeline and the reduction of the cross-sectional area produced by rusting, 
tuberculation, and deposition reach such an extent that twice as much 
head may be required to send a given quantity of water through the line. 
Cleaning is a method of restoring the interior surface to a condition ap- 
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proximating that of the new main. Experience has indicated, however, 
that cleaning such mains without lining them with protective coating at 
the same time is only a very temporary solution. Tuberculation recurs 
much faster after cleaning, with the result that the coefficient returns to its 
previous value in a very few years. 

Coefficient tests should be run when it appears that undue pressure 
losses are occurring to determine whether cleaning should be resorted 
to. They should also be run before and after cleaning to determine its 


effectiveness. 


Cleaning Methods 

In the more positive methods of cleaning, the section of pipe to be 
cleaned is first isolated and then the customers’ services are shut off. At 
the ends of each section to be cleaned a short section of pipe is removed— 
at the head end to insert the cleaning instrument and at the opposite end 
to flush out the material to be removed and to remove the cleaner. The 
head end is generally closed by removable couplings and pressure is ap- 
plied back of the cleaner to propel it along the line. The discharge end is 
provided with a bend and section of pipe rising to the street level to dispose 
of the flushing water and sediment. After cleaning and rejoining the pipe, 
it is usually necessary to flush the side laterals and sometimes to blow out 
customers’ services to remove any sediment that is lodged in them. 


In-Place Lining of Pipe 


Practical methods have been developed for lining unlined cast-iron pipe 
in place after cleaning, in order to insure the retention of the improved 
flow characteristics. In the smaller pipelines this is generally done by 
centrifugally applying cement lining with a machine and dolly pulled 
through the pipe. Machines have likewise been devised for lining larger 
pipe by centrifugally applying the cement mortar and smoothing it in 
place with rotating finishers. 

There are firms that specialize in cleaning pipe and lining it in place. 
In most cases the cost of cleaning and lining in place is less than it would 
cost to install new pipe, particularly if pavement removal and replacement 
are involved. 


Corrosion 


The corrosion or deterioration of pipe materials is generally a form of 
chemical deterioration. There are a number of theories regarding the 
causes of corrosion. They may generally be classed as galvanic (bimetal- 
lic), electrolytic, stress, chemical, and biological. 

When dissimilar metallic materials are placed in the presence of mois- 
ture, a galvanic cell is formed, producing an electrical circuit and generating 
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a flow between an anode and a cathode. According to the position of the 
two metals in activity series, metal is lost in one and carried to the other. 

Electrolytic corrosion is very similar to galvanic corrosion, except for 
the source of the current flowing through the electrolyte. The current in 
galvanic corrosion is due to the potential difference between two dissimilar 
metals, whereas in electrolytic corrosion the current arises from stray cur- 
rents from grounded connections or faulty electrical circuits. The moist 
soil and water act as the electrolyte. The pipe material alternately be- 
comes the anode and cathode, depending upon the differences in potential, 
and corrosion of the iron results. 

The other forms of corrosion may be electrochemical also. Chemical 
corrosion is an oxidation reduction process. Biological corrosion results 
from the action of chemicals produced by soil bacteria such as sulfur or 
iron bacteria. 


Corrosion Control 


Corrosion can be retarded by several methods. Cathodic protection is 
a means of retarding corrosior by reversing the normal flow of electrons 
and depositing material from an anode made of metal in the activity series 
above iron so that it will be sacrificed to plate out on the iron and thus 
prevent corrosion. 

Coatings and linings are the most prevalent methods of providing corro- 
sion control. These consist of (1) cement, (2) bituminous materials, (3) 
resins and lacquers, (4) paints, (5) galvanizing and metal plating and (6) 
production of a carbonate lining by proper pH control and water treatment. 

Sometimes in asbestos-cement and concrete pipe, as well as in cement- 
lined cast-iron and steel pipe, the water may have such characteristics as 
to produce an undesirable chemical reaction with the lime in the cement. 
Many systems using these types of distribution pipe require that the lining 
be coated with a bituminous material to eliminate or reduce such action. 


Emergency Repairs 


Damages to a pipe system due to emergencies and disasters are un- 
predictable. Water system operators should be prepared to put a plan 
of repair into operation whenever needed. Every utility should have an 
effective plan to cover emergencies such as floods, landslides, fires, explo- 
sions, severe cold spells, earthquakes, and the usual problems such as 
split pipes, blown joints, and broken valves and hydrants. 

Equipment should always be available and ready for emergency repairs. 
Excavating equipment, pavement breakers, pipe cutters, ditch pumps, chlo- 
rinating equipment, flood lights, generators, and welding equipment should 
be available in permanent stock or on an emergency basis through agree- 
ment with outside sources. 
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Many types of materials will be needed, such as spare pipe and fittings, 
repair clamps, bell joint clamps, and, particularly, sleeves and mechanical 
couplings. Spare parts for valves and hydrants, as well as a reasonable 
number of complete spare units, should be available. 

Work crews should be trained to be alert and know how to tackle the 
various normal emergencies all systems experience at times. The rapidity 
in which repairs can be accomplished may be an important element in re- 
ducing damages and damage claims. 

All of the precautions taken for new work, such as disinfection, flush- 
ing, and hydrostatic testing, should also be taken when making major 


repairs. 
Cross-Connection Control 


A cross connection is any physical connection, direct or indirect, which 
provides a potential opportunity for nonpotable water to enter a conduit, 
pipe, or receptacle containing potable water. Cross connections either in 
the distribution system or, more likely, in customers’ piping or plumbing 
can allow contaminated water to enter drinking water. The existence of 
temporary or permanent cross connections is more extensive than is gen- 
erally realized. Most cases of waterborne disease arising today are traced 
to cross connections between potable and nonpotable sources, and vigi- 
lance, particularly of customers’ premises, is necessary to reduce or elimi- 
nate such occurrences. 

Cross connections which, for one reason or another, become necessary 
should be made only with the approval and supervision of the health au- 
thority having jurisdiction. Means are available to provide an approved 
cross connection. Certain devices such as (1) air-relief valves and vacuum 
breakers designed to admit air and break any vacuum in the water lines. 
(2) flush valves and integral vacuum breakers that keep the valves closed 
when a vacuum exists, (3) swing connections that permit connection either 
to the public water supply or to the local source but not to both simul- 
taneously, (4) air gaps, and (5) reduced-pressure connections. To elimi- 
nate any possibility of pollution, it would be better not to have any physical 
connection between an approved supply and one not approved. 
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Supports for Pipe 


AWWA Steel Pipe Committee Report 


A report on design and installation of steel water pipe has been pre- 


pared by AWWA Committee 8310 D—Steel Pipe. The report is being 
published in installments (May 1961 issue, p. 632; June 1961 issue, 
p. 750; August 1961 issue, p. 1034), with the expectation that it will 


be reprinted as a unit when complete. 


Comment and discussion by 


readers are encouraged. Discussion should be addressed to the Editor 


of the JoURNAL. 


IPE is supported in various ways 
depending upon size, circum- 
stances, and economics. Small pipe 
within buildings may be held by 
adjustable hangers or by brackets, 
or may be otherwise attached to 
building members. When subjected 
to temperature changes causing con- 
siderable longitudinal movement, steel 
pipe is frequently set on concave 
rollers. Data on adjustable hangers 
and rollers have been published (/). 

Pipe acting as a self-supporting 
bridge may rest upon suitably padded 
concrete saddles (Fig. 9.1 and 9.2) or 
may be supported by means of ring 
girders or flange rings welded to the 
pipe (Fig. 9.3-9.11). The kind of 
support selected may be determined 
by conditions of installation or by 
economics. The pipe cost is usually 
lower when saddles can be used and 
there is more flexibility in field erec- 
tion. Ring girder construction adds 
to pipe fabrication costs, but longer, 
clear spans may be possible. 


9.1. Saddle Supports 


There has been very little uni- 
formity in the design or spacing of 
saddle supports. The spans have 
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been gradually increased, however, 
as experience has shown that such 
increases were safe and practical. 

In general, the ordinary theory of 
flexure applies when a circular pipe 
is supported at intervals, is held 
circular at and between the supports, 
and is completely filled. If the pipe 
is only partially filled and the cross 
section at points between supports 
becomes out-of-round, the maximum 
fiber stress is considerably greater 
than indicated by the ordinary flexure 
formula, and is highest for the half- 
filled condition (2). 

In the case of a pipe carrying in- 
ternal pressure where the ends are 
fully restrained, the Poisson ratio 
effect of the hoop stress, which pro- 
duces lateral tension, must be added 
to the flexural stress to obtain the 
total beam stress. 

Excessive deflection should be 
avoided when pipe acts as a beam. 


1 
A maximum deflection of 360 of the 


span is suggested as good practice. 
This is the same as is used fer beams 
carrying plastered ceilings. 

Saddle supports cause high local 
stresses both longitudinally and cir- 


1190 


cumferentially in unstiffened, com- 
paratively thin wall pipe at the tips 
and edges of the supports. Stresses 
vary with the load, with the diameter— 
wall thickness ratio, and with the 
angle of contact with the pipe. In 
practice, the contact angle varies from 
90 to 120 deg. The difficulty en- 
countered with 180-deg'contact angles 
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Because saddle supports cause criti- 
cal points of stress in the metal 
adjacent to the saddle edges, it is 
frequently more economical to in- 
crease the wall thickness of the pipe 
when it is overstressed than to pro- 
vide stiffening rings. This is espe- 
cially true where pipe sizes are 36 in. 
in diameter and smaller. Even a 


Span L 
c. to c. of saddles 


Fig. 9.1. 


Details of Concrete Saddle 


Pipe acting as a self-supporting bridge may rest on suitably padded concrete saddles (16). 


has been eliminated by reducing 
the angles to 120 deg. For equal load, 
the stresses are less for a large contact 
angle than for a small one, and, con- 
trary to general belief, their intensity 
is practically independent of the width 
of the saddle (Dimension B, Fig. 9.1). 
The width of the saddle may there- 
fore be that which is most desirable 
from the standpoint of good pier 
design. 


small increase in wall thickness has a 


great stiffening effect. The whole 
length of the span may be thickened, 
or, alternatively, only a length at the 
saddle support—equal to about two 
pipe diameters plus saddle width— 
need be thickened. 

When pipe lengths resting on sad- 
dles are joined by flanges or mechani- 
cal couplings, the strength and position 
of the joints must be such that they 


: 
Hold-down strap 
| 
Several layers 
of felt with 
As required 
Span L 
c. to c. of saddles 


will safely resist the bending and 
shear forces while remaining tight. 
Ordinarily it is advisable to place 
joints at, or as near as practicable to, 
the point of zero bending moment in 
the span or spans. Manufacturers 
of mechanical joints should be con- 
sulted regarding the use of their 
joints on self-supporting pipe spans. 

The pipe should be held in each 
saddle by a steel holddown strap 
bolted to the concrete. Secure an- 
chorages must be provided at in- 
tervals in multiple-span installations. 

The ability of steel pipe to resist 
saddle load has sometimes been greatly 
underestimated by designers. Un- 
necessary expense has thus been 
entailed, because more supports have 
been provided than may have been 
necessary. According to one author- 
ity (2), the maximum value of the 
localized stresses in a pipe which fits 
the saddle well probably does not ex- 
ceed that given by the formula, 


Si = k Flog. > (9.1) 


in which S; represents the localized 
stress (psi), P the total saddle reac- 
tion (Ib), R the pipe radius (in.), ¢ 
the pipe wall thickness (in.), and 
k = 0.02 — 0.00012 (A — 90), in which 
A is in degrees (see Fig. 9.1 for A). 
The maximum saddle reaction a pipe 
can stand is about twice the value of 
P (Eq 9.1) when S; equals the yield 
point of the steel used. Equation 9.1 
does not account for temperature 
stresses. 

Table 9.1 gives values of P for 
some sizes and wall thicknesses of 
pipe for a 1,000-lb increment of stress 
S; Column 3 applies when 90-deg 
contact saddles are used, and Column 
4 when the contact angle is 120 deg. 
Loads are directly proportional for 
intermediate values of S;. 


Sep. 1961 STEEL PIPE DESIGN 


AND INSTALLATION 1191 


To the localized stress, S,, must be 
added certain other stresses to de- 
termine the total stress. Let: 


S; = flexure stress in span with 


pipe having unrestrained ends 


S, = ring stress due to internal 
water pressure 
Sy, = S;+0.25S, = maximum beam 


stress in span with pipe hav- 
ing restrained ends 

S, = S; for pipe with unrestrained 
ends 

S: = localized stress at saddle 

S,; = maximum stress at saddle. 


Then, for single or multiple spans of 
uniform thickness, 


It should be noted that S; is the 
maximum stress at the saddle. Any 
pipe selected must meet two require- 
ments: the maximum beam stress, .S;, 
in the span must be within the allow- 
able limit, and the maximum stress at 
the saddle also must be within the 
allowable limit. One or the other will 
govern. 

The flexure stress, S;, should be 
calculated in the usual manner. In 
single spans, this stress is maximum 
at the center between supports and 
may be quite small over the support 
if flexible joints are used at the pipe 
ends. In multiple-span cases, the 
flexure stress in rigidly joined pipe 
will be that indicated by the theory 
of continuous beams. 

Tables 9.1 and 9.2 have been pre- 
pared to aid in solving problems of 
self-supporting pipe spans for pipe of 
36-in. diameter and smaller. For 
pipe with diameters of 24-96 in., 
Table 9.3 gives practical safe spans 
which may be on the conservative 
side. Data for calculating spans for 
large pipe on saddles have been 
published (3). 
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| 
7 | | 9 


10 


Values of P for 
S:=1,000 


A =90° 
315 | 

615 
1,200 


290 
560 
1,070 


525 
1,020 | 
1,710 | 


2,470 


2,320 
4,480 


2,210 
4,250 


psi 


750 | 
1,480 | 


350 
685 
1,310 


640 
1,240 
2,080 


610 
1,180 
1,970 


595 
1,140 
1,900 


570 
1,100 
1,830 


560 
1,060 
1,770 


540 
1,030 
1,710 


520 
$85 


930 


890 


Water 
lb/ft 


385 | 


ES 


| 
| 6 
| 


Weight of | 


Pipe and 

| 2,500 | 
25 | 18 
28 20 
32 22 


113 27 
119 23 
129 25 


Values of Span L for S; as Shown 


Sy Sy 
7.500 | 10,000 | 12,500 


44 
47 


45 
49 
54 


45 
49 
54 


36 
41 
45 


36 


42 
46 


52 


46 
50 
55 


49 


52 
57 
63 


54 
58 
65 


56 
60 
69 


63 
71 
79 


64 
74 
81 


40 
46 
50 


40 
47 
51 


52 
58 


50 
55 


60 


50 


55 
60 


51 
56 
61 


Eee A =120° | 5,000 | 15,000 a 
63 | 0.141 2s | 31 44 
0.188 29 | 35 50 
| 0.250 32 39 55 
si | 0.141 | Ba 44 
42 | 21 30 | 36 51 
47 | 23 | 33 | 40 56 
| | 
as 103 | 0.188 | 22 | 31 38 a = 54 | 
0.250 = | 23 | 33 | 41 58 
ey 0.312 70 | 26 | 37 | 45 | 64 
0.250 960 gs | 24 | 35 | 42 60 a 
0.312 | 1,610 m | 66 
os 14 0.188 | 490 95 | 22 | 32 39 = 55 “ 
Pte: 0.250 | 940 104 24 35 42 i 60 6 
cS 0.312 | 1,560 38 | 47 66 ie 
nee 16 | 0.188 | 470 33 | 40 56 > 
0.250 | 900 35 | 43 61 
0.312 | 1,500 13¢ | 27 39 | 47 67 
: 18 | 0.188 | 460 47 | 23 | 33 | 41 | 47 58 ‘ 
fir 0.250 | 870 1588 | 25 | 36 44 | 51 62 7 
: 0.312 | 1,450 170 | 28 | 40 | 48 | 56 68 >. 
| 
na 20 0.188 | 440 176 24 34 42 | 48 59 
aes 0.250 | 850 | 189 | 26 37 45 52 64 oye. 
0.312 | 1,400 212 | 71 4 
m | | 425) | 25 | 3s | 43 | 50 61 
z 0.250 810 2599 | 27 | 38 | 47 | S4 66 
0.375 | 2,030 | Mm | 291 | 31 | 44 | 54 | 62 76 
30 0.250 765 | 385 | 28 40 48 | 56 68 
0.375 | 1,900 as | 32 | | | 78 
0.500 | 3,670 404 | 35 | 50 61 | 71 87 
36 | 0.250 | 730| mm | 536 | 28 | 40 | 49 | 57 70 
0.375 | 1,810 | ssa | 33 | 47 | 57 | 66 81 
0.500 | 3,490 | 631 | 36 | 52 | 63 | 73 89 
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Ring Stress for Given Pressure 
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20 


24 


36 


Wall 


Thickness 
in. 


0.141 | 
0.188 
0.250 


0.141 
0.188 
0.250 


0.188 
0.250 
0.312 


0.188 
0.250 
0.312 | 


0.188 
0.250 
0.312 


0.188 
0.250 
0.312 


0.188 
0.250 
0.312 


0.188 
0.250 
0.312 


0.188 
0.250 
0.375 


0.250 2,990 
0.375 2,000 
0.500 


0.250 | 
0.375 
0.500 


8,980 
7,200 


10,620 13,290 
8,000 10,000 
8,000 


15,890 
11,950 
7,980 


14,950 
10,000 
7,500 


14,380 17,980 
9,550 11,950 
7,180 8,980 


From Barnard (16) 


“ = Ring Stress, Sp, for Internal Pressure (psi ) as Shown 
=50 p =75 | p = 100 | p = 150 = 200 | p = 250 
ae 6% 1,170 | 1,760 | 2,350 | 3,520 | 4,700 | 5,870 
ae 880 | 1,320 | 1,760 2,640 3,520 4,410 
- 660 | 990 | 1,320 1,980 2,640 | 3,310 
| | 
eee 8; | 1,530 | 2,290 | 3,060 4,580 6,110 | 7,640 
Cs 1,150 | 1,720 2,290 3,440 4,580 | 5,740 
a | 860 | 1,290 1,720 2,580 3,440 4,320 
pe 103 | 1,430 | 2,140 2,860 | 4,280 | 5,710 7,140 
oo 1,080 1,610 2,150 3,220 4,300 5,380 
— 860 1,290 1,720 | 2,580 3,440 4,300 
| | 
—— 123 1,690 2,540 3,390 | 5,080 6,780 8,480 

e 1,280 | 1,910 2,550 | 3,820 5,100 6,380 . 
7 1,020 | 1,540 2,045 | 3,070 | 4,090 5,120 
i | | 1,850 | 2,780 3,720 | 5,560 | 7,420 9,280 
me | 1400 | 2,100 | 2,800 | 4,200 | 5,600 | 7,000 
1,120 1,680 | 2,240 | 3,360 | 4,480 5,610 
| | 
16 | 2,130 3,180 | 4,260 | 6,380 8,520 | 10,640 
| | | 37200 | 4,780 | 6,390 | 7,980 
ae 1,280 | 1,930 | 2,560 3,860 5,140 6,420 
‘2 18 2,390 | 3,580 4,790 7,160 9,550 | 11,950 | 
i 1,800 2,690 | 3,600 5,380 7,180 P| 
. | 1,440 2,160 | 2,880 4,320 5,760 
= 2,680 | 3,990 | 5,320 7,980 
2,000 3,000 | 4,000 6,000 
4 1,600 | 2,400 3,210 4,800 
= | 3,180 | 4,760 6370 | 9,540 | 12,720 : 
ag | 2,390 | 3580 | 4,790 | 7,160 | 9,550 

. | 1,600 2,300 | 3,200 | 4,780 | 6,390 

of | | | | | 

30 | 4,480 5,990 | 8,960 | 11,900 

al | 3,000 4,000 | 6,000 8,000 

| | 2250 3000 | 4,500 | 6,000 

ie = | 3,600 | 5,390 7,190 | 10,790 
a | 2,390 | 3,580 4,790 7,160 

| 1,800 | 2,690 3,600 5,380 
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When Tables 9.1 and 9.2 are used, 
the solution is found by trial and error. 
First, assume a wall thickness for 
which S; is about 10,000 psi when the 
span is somewhat greater than re- 
quired. Interpolate S; for span de- 
sired. Find S, from Table 9.2 and 
determine S,. It should not exceed 
the allowable maximum stress. De- 
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smaller value of S; recalculated, which 
should then satisfy the stress require- 
ment; or else, a thinner wall may be 
selected for the main span and a 
heavier wall for a distance of two 
pipe diameters plus saddle width 
over the saddle. In the latter case, 
the S, to be used in determining the 
total localized stress, S;, is that which 


Fig. 9.2. Saddle Supports for 36-in. Pipe 


Adjustable forms for last-operation grouting are beneath the pipe, at the top of some piers. 


termine the reaction load for the span 
desired, using Column 5 of Table 9.1. 
Then determine S; using the data in 
Column 3 or 4 of Table 9.1. Add S, 
and S». This gives S;, which should 
also not exceed the allowable maxi- 
mum stress. If it does, there are two 
alternatives: either a thicker wall may 
be selected for the whole pipe and the 


would exist if the thicker-wall pipe 
were used for the whole span. 


9.2. Pipe Deflection as Beam 


In the design of free spans of pipe, 
it may be desirable to determine the 
theoretical deflection in order to 
judge flexibility or ascertain that the 


ig 
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deflection does not exceed a desirable 
upper limit. 

Freely supported pipe sometimes 
must be laid so that it will drain 
fully and contain no pockets between 
supports. The deflection or sag be- 
tween supports must be found to 
determine the necessary grade. 

In any given case, the deflection is 
influenced by conditions of installa- 
tion. The pipe may be a single span 
or may be continuous over several 
supports. The ends may act as 
though free or as though fixed. The 
pipe may carry gas or liquid and, in 
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addition to its own weight and that 
of its contents, may carry the weight 
of insulation or other uniform load. 
Concentrated loads such as valves 
and fittings may be present between 
supports. 

The maximum theoretical deflec- 
tion can be determined using: 


in which: 


y = maximum deflection at center 
of span (in.) 


Practical Safe Spans for Simply Supported Pipe in 120-deg Contact Saddles* 


Wall Thickness—in. 


| 
| | 
Span, L—/ft 
45.2 | 47.0 
45.9 | 47.8 
46.5 | 48.5 
47.2 | 49.4 
47.7 | 50.0 
48.2 | 50.4 
48.6 | 50.9 | 54.8 
48.9 | 51.3 | 55.4 
49.2 | 51.7 | 55.9 
49.6 | 52.1 | 56.3 
50.0 | 52.5 | 56.9 
50.4 | 53.0 | 57.5 | 61.2 
50.7 | 53.4 | 58.0 | 61.8 
51.0 | 53.7 | 584 | 62.4 
51.3 | 54.1 | 58.9 | 62.9 
51.5 | 54.4 | 59.2 | 63.3 | 66.8 | 69.9 
51.8 | 54.6 | 59.6 | 63.8 | 67.4 | 70.5 
52.0 | 54.9 | 59.9 | 64.2 | 67.8 | 71.0 
52.4 | 55.3 | 60.5 | 64.9 | 68.7 | 72.0 
52.7 | 55.7 | 61.0 | 65.5 | 69.4 | 72.9 
53.0 | 56.1 | 61.5 | 66.1 | 70.1 | 73.6 
53.2 | 564 | 61.9 | 66.6 | 70.7 | 74.3 
53.5 | 56.6 | 62.2 | 67.0 | 71.2 | 75.0 
| 


Nominal 

24 | 334 | 374 | 40.5 | 43.0 
26 33.7 | 37.7 | 41.0 | 43.6 | 
28 «33.9 | 38.1 | 41.4 | 44.1 
30 34.2 | 384 | 41.9 | 44.8 
32 34.4 | 38.7 | 42.2 | 45.2 
34 34.5 | 389 | 42.5 | 45.5 
36 34.7 | 39.1 | 42.8 | 45.9 
38 34.8 | 39.3 | 43.0 | 46.2 
40 34.9 | 39.5 | 43.3 | 46.5 
42 35.0 | 39.6 | 43.5 | 46.7 
45 39.8 | 43.7 | 47.1 | 
48 40.0 | 44.0 | 47.4 
51 40.2 | 44.2 | 47.7 | 
54 40.4 | 44.4 | 47.9 
57 40.5 | 44.6 | 48.2 
60 | 40.6 | 44.8 | 484 
63 40.7 | 44.9 | 48.6 
66 40.8 | 45.1 | 48.7 
72 41.0 | 45.3 | 49.0 
78 | 41.2 | 45.5 | 49.3 
84 | 41.3 | 45.7 | 49.6 
90 414 | 45.9 | 498 
96 41.6 | 46.0 | 50.0 
'7,500dt 


* After Cates (10): Span L = 
inches), and L is in feet. 


Vita’ 


in which d and ¢ are pipe diameter and thickness, respectively (in 


3 
WL 
y = 22.5 —.......... (9.3) 
EI 
pal: 
4 
he 
ae 
> 


total load on span (Ib) 


L = length of span (ft) 

E = modulus of elasticity (psi) 
(30,000,000 for steel pipe) 

I = moment of inertia of pipe 


(in.4) (values of J are given in 
Table 9.4). 


Except for some changes in unit 
designation, this is the standard text- 
book formula for uniformly distributed 
load and free ends. It can be used 
for concentrated loads at the center of 
the span, and for other end conditions 


— 
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less than that determined theoretically 
for a uniformly loaded pipe fixed at 
both ends. The deflection of smaller 
pipe approached the theoretical for 
free ends. 

The following methods of calculat- 
ing deflection are based on the for- 
mulas commonly found in textbooks 
for the cases given. 


9.3. Methods of Calculation 


Maximum deflection in a given case 
can be calculated by first assuming 


gees 


_— As required 


Span L 
¢. to c. of supports 


Span L 
c, to c. of supports 


by applying a correction factor as 
described later. 

Tests conducted to determine the 
deflection of horizontal standard- 
weight pipelines filled with water (/) 
have indicated that the deflection of 
pipe larger than 2 in. and supported 
at intervals greater than 10 ft is 


Fig. 9.3. Details of Ring Girder Support for Small Pipe 
These girders prevent the distortion of the pipe at the points of support (16). 


| ae Anchor bolts as required —a 


As required 


that the load is uniformly distributed 
and the ends are free. This is Case 1 
below. Later this result can be 
modified if the load is concentrated 
or the ends are fixed (Cases 2, 3, and 
4 below). The deflection for Case 1 
may be calculated using Eq 9.3. 
Note that, in Cases 1 and 2, the load, 


= 

W 

| 

~ 

= 

re 

Fs 

il q 

' 
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W, is the total uniformly distributed 
load on the span but that, in Cases 3 
and 4, it is the load concentrated at 
the center of the span. 

The four most commonly encoun- 
tered conditions, with their corre- 
sponding deflection factors, are: 

Case 1. If the load, W, is uni- 
formly distributed and the ends are 
free, the deflection is as calculated 
using Eq 9.3. 

Case 2. If the load, W, is uni- 
formly distributed but the ends are 
fixed, the deflection is 0.2 times that 
for Case 1. 

Case 3. If the load, W, is concen- 
trated at the center and the ends are 
free, the deflection is 1.6 times that 
for Case 1. 

Case 4. If the load, W, is concen- 
trated at the center and the ends are 
fixed, the deflection is 0.4 times that 
for Case 1. 

The deflections caused by different 
loads are additive. Therefore, if a 
uniformly loaded pipe span contains 
a concentrated load, the calculated 
deflection for the latter is added to 
that for the uniform load, and the 
total sag in the pipe is the sum of the 
two deflections. 


9.4. Gradient of Supported Pipelines 
to Prevent Pocketing 


If intermittently supported pipe- 
lines are to drain freely, they must 
contain no sag pockets. To elimi- 
nate pockets, each downstream sup- 
port level must be lower than its 
upstream neighbor by an amount 
which is dependent upon the sag of 
the pipe between them. A practical 
average gradient of support eleva- 
tions to meet this requirement may 
be found by using the following 
formula (4): 
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in which: 
G = grade (1 in. in G ft) 
L = span (ft) 


y = deflection (in.). 


Example: If the deflection of an 
insulated, 20-in. OD, 0.375-in. wall 
pipe carrying steam is 0.4 in. in a 
simple, free-ended 50-ft span, what 
should be the grade of a series of 
50-ft spans to allow drainage ? 

Solution: 

50 


G 


The grade therefore is 1 in. in 31 ft. 


9.4. Ring Girder Support of 
30-in. Pipe 


Pig. 


Ring girders provided support for this 
30-in. diameter pipe with }-in. wall and a 
span of 65 ft across a river. 


It has been suggested (/) that, in 
the interest of satisfactory operation, 
it is well to double the calculated 
theoretical deflection when determin- 
ing the slope of the pipeline gradient. 
If this were done in the preceding 
example, the grade used would be 
1 in. in 15.5 ft. 

The difference in elevation between 
a downstream support and its up- 
stream neighbor must be four times 
the theoretical deflection of the pipe 


‘ 

L 
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TABLE 9.4 
Values of Moment of Inertia and Section Modulus of Steel Pipe 


Wall Moment Section Nominal Wall Moment 
Thickness of Inertia Modulus Size* Thickness of Inertia 
in. ins cu in. in, in. ins 


0.105 2.44 1.22 18 0.179 397.88 
0.135 3.06 1.53 18 0.188 416.18 
0.105 3.50 1.56 18 0.239 525.94 
0.135 4.41 1.96 18 0.250 549.14 
0.105 8.45 2.82 18 0.312 679.28 
0.135 10.70 3.57 20 0.135 415.60 
0.188 14.47 4.82 20 0.179 547.43 
0.219 16.63 5.54 20 0.188 572.69 
0.105 11.43 3.45 20 0.239 724.35 
0.135 14.50 4.38 20 0.250 756.44 
0.188 19.66 5.94 20 0.312 936.68 
0.219 22.62 6.83 20 0.375 1,113.47 
0.105 20.29 5.07 22 0.179 730.41 
0.135 25.80 6.45 22 0.188 764.21 
0.179 33.65 8.41 22 0.239 967.27 
0.188 35.13 8.78 22 0.250 1,010.27 
0.239 43.92 10.98 22 0.312 1,252.07 
0.105 25.51 5.91 22 0.375 1,489.67 
0.135 32.45 7.52 24 0.179 950.21 
0.179 42.37 9.83 24 0.188 994.27 
0.188 44.25 10.26 24 0.239 1,259.21 
0.239 55.40 12.85 24 0.250 1,315.35 
0.135 50.91 10.18 24 0.312 1,631.34 
0.179 66.61 13.32 24 0.375 1,942.30 
0.188 69.59 13.92 24 0.438 2,248.29 
0.239 87.34 17.47 24 0.500 2,549.36 
0.135 63.42 11.80 26 0.179 1,210.19 
0.179 83.06 15.45 26 0.188 1,266.41 
0.188 86.80 16.15 26 0.239 1,604.67 
0.239 109.05 20.29 26 0.250 1,676.38 
0.135 88.56 14.76 26 0.312 2,080.37 
0.179 116.14 19.36 26 0.375 2,478.43 
0.188 121.39 20.23 26 0.438 2,870.62 
0.239 152.75 25.46 26 0.500 3,257.00 
0.135 106.44 16.70 28 0.179 1,513.74 
0.179 139.67 21.91 28 0.188 1,584.17 
0.188 146.01 22.90 28 0.239 2,008.15 
0.239 183.86 28.84 28 0.250 2,098.09 
0.135 141.32 20.19 28 0.312 2,605.06 
0.179 185.61 26.52 28 0.375 3,105.12 
0.188 194.07 27.72 28 0.438 3,598.36 
0.239 244.65 34.95 28 0.500 4,084.82 
0.135 211.71 26.46 30 0.188 2,025.63 
0.179 278.40 34.80 30 0.250 2,717.73 
0.188 291.16 36.39 30 0.312 3,418.40 
0.239 367.54 45.94 30 0.375 4,127.69 
0.250 383.66 47.96 30 0.438 4,845.69 
0.312 473.96 59.25 30 0.500 5,572.46 
0.135 302.29 33.59 32 0.188 2,455.49 


* Sizes under 30 in. are OD sizes; those 30 in. and over are ID sizes. 


in. cu in, 

4 44.21 
4 46.24 
44 58.44 
44 61.02 
6 75.48 
6 41.56 

6 54.74 

6 
64 | 72.44 
6} | 75.64 

6% | 93.67 
6% 111.35 
8 66.40 
8 69.47 
: 8 | 87.93 4 
8 91.84 ; 
8 | 113.82 
135.42 
| 79.18 
8} | 82.86 
8} | 104.93 
10 | 135.94 
10 | 161.86 
10 187.36 
10 | 212.45 
103 | 93.09 
103 | 97.42 
103 | 123.44 

12 | 160.03 
12 | 190.65 

12 | 220.82 

12 | 250.54 
12} | 108.12 
12} 113.16 
12} | 143.44 
14 | 186.08 
14 | 221.79 

14 | 257.03 
14 29 1 77 
16 | 133.37 
16 | 178.21 
16 | 223.24 
16 313.89 
16 359.51 
18 | 151.69 

“4 
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Moment 
of Inertia 
ins 


Section 
Modulus 
cu in, 


Nominal 
Size* 
in, 


Wall 


Thickness 


Moment 
of Inertia 
in’ 


Section 
Modulus 
cu in. 


Nominal Wall 
Size* Thickness 
in. in. 
32 0.250 
32 0.312 
32 0.375 
32 0.438 
32 0.500 
34 0.188 
34 0.250 
34 0.312 
34 0.375 
34 0.438 
34 0.500 
36 0.188 
36 0.250 
36 0.312 
36 0.375 
36 0.438 
36 0.500 
36 0.625 
38 0.188 
38 0.250 
38 0.312 
38 0.375 
38 0.438 
38 0.500 
ike 38 0.625 
40 0.188 
40 0.250 
40 0.312 
40 0.375 
40 0.438 
40 0.500 
40 0.625 
42 0.188 
42 0.250 
42 0.312 
42 0.375 
42 0.438 
42 0.500 
42 0.625 
45 0.250 
45 0.312 
45 0.375 
45 0.438 
45 0.500 
45 0.625 
48 0.250 
48 0.312 
48 0.375 
48 0.428 


3,293.19 
4,140.60 
4,997.81 
5,864.89 
6,741.92 
2,942.23 
3,944.63 
4,957.97 
5,982.35 
7,017.84 
8,064.54 
3,489.39 
4,676.77 
5,876.40 
7,088.39 
8.312.80 
9,549.73 
12,061.47 
4,100.49 
5,494.32 
6,901.78 
8,322.98 
9,746.46 
11,206.92 
14,146.86 
4,779.08 
6,401.99 
8,040.00 
9,693.20 
11,348.28 
13,045.54 
16,459.77 
5,528.68 
7,404.51 
9,296.95 
11,206.12 
13,132.11 
15,075.02 
19,011.99 
9,096.41 
11,417.88 
13,758.52 
16,118.42 
18,497.69 
23,324.77 
11,028.20 
13,839.09 
16,671.75 
19,526.28 


202.66 
253.83 
305.21 
356.80 
408.60 
171.18 
228.67 
286.38 
344.31 
402.46 
460.83 
191.86 
256.26 
320.90 
385.76 
450.86 
516.20 
647.60 
213.71 
285.42 
357.37 
429.57 
501.44 
574.71 
720.86 
236.73 
316.15 
395.82 
475.74 
555.28 
636.37 
798.05 
260.94 
348.45 
436.22 
524.26 
612.58 
701.16 
879.17 
399.84 
500.51 
601.47 
702.71 
804.25 
1,008.21 
454.77 
569.22 
683.97 
799.03 


48 
48 
48 
51 
51 
51 
51 
51 
51 
51 
54 
54 
54 
54 
54 


0.500 
0.625 
0.750 
0.250 
0.312 
0.375 
0.438 
0.500 
0.625 
0.750 
0.250 
0.312 
0.375 
0.438 
0.500 
0.625 
0.750 
0.250 
0.312 
0.375 
0.438 
0.500 
0.625 
0.750 
0.250 
0.312 
0.375 
0.438 
0.500 
0.625 
0.750 
0.875 
1.000 
0.250 
0.312 
0.375 
0.438 
0.500 
0.625 
0.750 
0.875 
1.000 
0.2590 
0.312 
0.375 
0.438 
0.500 
0.625 
0.750 


22,402.80 
28,222.24 
34,130.98 
13,215.78 
16,580.45 
19,969.67 
23,383.52 
26,822.15 
33,774.18 
40,826.72 
15,675.07 
19,661.86 
23,676.13 
27,717.97 
31,787.54 
40,010.33 
48,345.50 
18,421.95 
23,103.18 
27,814.98 
32,557.47 
37,330.80 
46,970.46 
56,735.04 
21,472.35 
26,924.30 
32,410.10 
37,929.85 
43,483.72 
54,694.33 
66,043.06 
77,531.04 
89,159.39 
24,842.16 
31,145.10 
37,485.33 
43,862.94 
50,278.12 
63,221.71 
76,317.27 
89,566.00 
102,969.0 
28,547.28 
35,785.46 
43,064.52 
50,384.57 
57,745.80 
72,592.34 
87,605.39 


914.40 
1,146.08 
1,379.03 

513.23 

642.34 

771.77 

901.53 
1,031.62 
1,292.79 
1,555.30 

575.23 

719.88 

864.88 
1,010.22 
1,155.91 
1,448.34 
1,742.18 

640.76 

801.85 

963.29 
1,125.10 
1,287.27 
1,612.72 
1,939.66 

709.83 

888.22 
1,067.00 
1,246.16 
1,425.70 
1,785.94 
2,147.74 
2,511.13 
2,876.11 

782.43 

979.02 
1,176.01 
1,373.40 
1,571.19 
1,967.99 
2,366.43 
2,766.52 
3,168.28 

858.56 
1,074.24 
1,290.32 
1,506.83 
1,723.76 
2,158.88 
2,595.72 


* Sizes under 30 in. are OD sizes; those 30 in. and over are ID sizes. 
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54 

54 

57 

57 

57 

57 

57 

57 

57 

60 

60 

60 

60 

60 

60 

60 

60 

60 

63 

63 

63 

63 

63 

63 

63 

63 

63 

66 

66 

66 

66 

66 

66 
66 | 
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between them to establish the grade 
according to Eq 9.4. The elevation 
difference is eight times the deflection 
if the suggestion in the preceding 
paragraph is followed. 
9.5. Examples of Saddle Support 
Calculations 
Problem 1, A 30-in. pipe carrying 


150 psi pressure is to span 65 ft over 
a single opening using 120-deg con- 
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From Table 9.2, S, for 150 psi is 
6,000. Then 0.25S, = 1,500, and S, 
= 10,360 + 1,500 = 11,860, which is 
less than 18,000. 

From Column 5 of Table 9.1, the 
weight of the pipe and contained water 
is 425 lb/lin ft. (Any additional live 
or dead load must be added.) The 
total reaction at one saddle is 32.5 
x< 425 = 13,800 lb. (Note: if the 
design requires the saddle to carry a 


Fig. 9.5. Details of Ring Girder Support for Large Pipe 


The illustration at the left shows the simplest type of support; at the right ts a roller 
support (15). 


tact saddles. Determine its thickness 
in the span and at the saddle supports 
so that neither S, nor S; exceeds 
18,000 psi when ends are considered 
restrained (see Sec. 9.1). 

Solution. From Column 9 of Table 
9.1, L is 64 ft for a wall thickness of 
0.375 in. and S; = 10,000; and from 
Column 10, Z is 71 ft for S; = 12,500. 
For practical purposes, S; for L = 65 
ft may be determined by interpola- 
tion. On this basis, S; = 10,360. 


portion of the approach span weight, 


this should be added.) From Column 
4 of Table 9.1, it is seen that 2,320 lb 
of reaction is resisted by each 1,000 
psi of stress S;. Therefore: 

13,800 


Si = 2320 X 1,000 = 5,950. 


Then S, = 11,860 + 5,950 = 17,810 
psi, and, as this is less than the 
18,000-psi maximum fixed, the 30-in., 


at: 
} 
Z : 
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0.375-in.-thick wall pipe meets the 
requirements. 

The calculated deflection is 1} in., 


1 
which is considerably less than 360 


of the span—2,% in. 

Problem 2. Can 30-in. pipe with 
0.25-in. wall be used for the central 
portion of the above span if thickened 
at the saddle? 

Solution. From Column 10 of 
Table 9.1, LZ is 63 ft for S; = 12,500 
and 68 ft for S; = 15,000. By inter- 
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For practical purposes, the effec- 
tive S, which is to be added may 
be conservatively considered the same 
as if the 0.375-in. pipe continued 
across the span. From Problem 1, 
S, = 11,860. Therefore, S; = 11,860 
+ 5,400 = 17,260, and, by using 0.375- 
in.-thick pipe over the support, the 
balance may be 0.25-in. thick. 

The maximum saddle stress exists 
only a few inches from the edge of the 
saddle, but, to be conservative, it is 
suggested that the heavier pipe ex- 


Critical Wrinkling Stresses for Established Installations as Determined by Two Methods 


Critical 
— Ratio |— 
t t/r 
Strain* 
€ 


Stresst Stress 
Fig. 1.4 | 0.12Et/r 


Location of Installation 
Kungsfor, Sweden J 
Sweden (common practice) 12.5 4 
Los Angeles Aqueduct, Calif. 10.0 4 
Santeetlah, N.C. | 11.0 2 
Atrafors, Sweden 13.1 35 
Rempen, Switzerland 
Soledad Siphon, Calif. | 10.0 3 


38 | 0.0058 | 0.00087 | 26,500 | 20,900 
43 | 0.003 | 0.00050) 15,000 | 11.900 
0.0042 | 0.00063 | 18,500 | 15.100 
30 0.0057 | 0.00085 | 25.500 | 20,500 
44.2 | 0.0028 | 0.00042{ 12,000 | 10.100 
73.5 | 0.0170 | 0.0026 | 33,000 | 33,000 
115 0.0083 | 0.0013 31,500 | 30,000 
| 


| 
| 


* Strain « = 0.25 X 0.601/r. 


polation, S; = 13,500 for L = 65 ft. 
From Column 6 of Table 9.2, S, 
= 8,960. Then 0.25S, = 2,240 and 
S, = 13,500 + 2,240 = 15,740. As 
this is less than the 18,000 maximum 
specified, the 0.25-in. wall pipe may 
be used in the span, but it is obvious 
that it must be thickened over the 
saddle. 

Assume 0.375-in. thick pipe over 
the saddle. The saddle reaction from 
Column 5 of Table 9.1 is 32.5 & 385 
= 12,500, and the corresponding 
stress, 


_ 12,500 


S; = 2,320 X 1,000 = 5,400. 


+ Stress read from Fig. 1.4, Chap. 1, corresponding to strain «. 


tend one pipe diameter on each side of 
the support. 

The calculated deflection is 2 in., 
which is less than the 2;%-in. sug- 
gested maximum. 


9.6. Support of Mechanically Cou- 
pled Pipelines Above Ground 


Data on size and pressure limits for 
mechanically coupled pipe on support 
saddles have been published (5). 


9.7. Ring Girder Construction 


When large-diameter steel pipe is 
laid aboveground or across ravines or 


' 
| 
| 
| 
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streams, rigid ring girders, spaced at 
relatively long intervals, have been 
found to be very effective supports. 
These girders prevent the distortion 
of the pipe at the points of support 
and thus maintain its ability to act 
as a beam. Details and installations 
are shown in Fig. 9.3-9.11. Gener- 
ally, practic il considerations limit the 
spans to 40-100 ft. 

A satisfactory, rational design for 
ring girder construction, based on the 
elastic theory, was presented by 
Herman Schorer (3). The following 
nomenclature, interpreted by Fig. 
9.10, is used in the design equations. 
Units must be consistent—for in- 
stance, inches, pounds, pounds per 
square inch, or pounds per cubic inch: 


a = eccentricity of the reaction 9 


from tangent to centroidal 
axis of stiffener ring having 
radius R (in.) 

C = contact width of circular 
girder ring of rectangular 
cross section (in.) 

C’ = 1.56vrt + ty. (see Fig. 9.10c) 
if shell is used as combined 
section with stiffener girder 
web or if additional plate rein- 
forcement is used at contact 
face 

f, = maximum combined ring 
stress in shell 

f, = combined maximum longitu- 
dinal beam stress 

foo = maximum longitudinal rim 
bending stress in shell 

h = head above bottom of pipe (ft) 

pb = variable pressure on inside of 
pipe circumference 

gq = unit weight of fluid flowing 
in pipe (Ib/cu ft) 

yr = mean radius of pipe shell (in.) 

thickness of pipe shell (in.) 
w = weight of pipe shell per unit 
of area (psf) 


~ 
I 


A, = area of supporting ring (see 
Fig. 9.10b) (sq in.) 

D = diameter of pipe = 2r (in.) 

L = length of span from center to 
center of ring girder supports 
(ft) 

Q = total load of pipe shell trans- 

mitted by shear to one ring 

girder (Ib) 

distance from neutral axis to 

extreme fiber (in.) 

I = moment of inertia. (in.*). 


9.7.1. Stress in Pipe Shell 


The maximum combined ring stress 
is: 
D 
2t 
The combined maximum longitudinal 
stress (for free-end beam condi- 
tions) is: 


fi 


4tND 
The maximum rim bending stress in 
the shell due to internal pressure is: 

1.82(A, — Ct) 

(9.7) 

A, +1.56tvrt 
This equation was developed on the 
assumption that the stiffener ring is 
integral with the pipe shell and that 
the rim load is symmetrical. As the 
rim load is not symmetrical, because 
of the weight of the water, a good ap- 
proximation of the maximum value of 


foo is obtained by substituting the 


value of f, from Eq 9.5 in place 
pr 

of 

If the girder ring is fitted to the 

pipe in a loose manner, the rim bend- 

ing stress due to the reaction at the 

supports should be taken into account, 

because the load will be transmitted, 

mostly by direct bearing on the lower 


5 


half of the ring rather than through 
shear distributed around the pipe. 

The total combined longitudinal 
shell stress, /, is: 


9.7.2. Stress in Ring Girder 


The minimum possible value of 
the maximum bending moment in the 
ring girder occurs when a = 0.04R 
outside the neutral axis. When this 
is true, the maximum bending mo- 
ment, M, in the girder is: 


M =0.010R.......... (9.9) 


The maximum bending stress, /; 
(general bending formula), is: 


The maximum ring stress, fs, due to 
shear forces is: 


The ring stress, f;, due to radial 
forces is: 


f ) (9.12 
(9,12) 
* "A, + 

As all of these stresses are combined 
at the horizontal diameter, the total 
maximum stress, f, in the ring girder is: 


F J + fetfs........ (9.13) 


The maximum allowable stress in the 
ring girder or the pipe shell when the 
pipe is fully loaded is usually 10,000 
psi, or 18,000 psi if half loaded. 

To support the ring girder, a short 
column on each side of the pipe is 
attached to the girder and supported 
on a pier either by direct bearing or 
by a roller device, rocker assembly, or 
pin connection. In any event, the 
design must permit longitudinal move- 
ment of the pipe as well as afford 
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adequate support. Figures 9.3—9.9 
and Fig. 9.11 show methods in use. 

Some advantages of ring girder 
support for pipelines are that it per- 
mits replacement of flumes, reduces 
flood and highway hazards, eliminates 
inverted siphons, avoids expensive 
substructures required by other types 
of construction, and affords a practical 
method of crossing streams, swamps, 
and marshes. There are a number of 
useful design references on this sub- 
ject (6, 9-13, 15, 16). 


Fig. 9.6. Rocker Support for 66-in. Pipe 


The supporting assembly is similar to the 

roller support shown in Fig. 9.5, except 

that a rocker has been substituted for the 

round roller. This permits longitudinal 

movement of the pipe and prevents uplift 
and sidewise motion. 


9.7.3. Discussion of Design Factors 


Equation 9.6 was developed through 
the analysis of a pipe supported at the 
ends, acting as a simple beam. It 
can be shown that, in the case of 
continuous pipelines, the direct longi- 
tudinal stresses can also be derived 
from the theory of continuous beams. 


| 
a 
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The direct longitudinal stress f;, from 
Eq 9.6 for the simple beam condition 
has to be multiplied by two-thirds to 
obtain f, for the continuous-beam 
condition. Multipliers for unequal 
spans and other end conditions are 
proportional to the moment coeff- 
cients for those conditions, with due 
regard given to the position and sign 
of the maximum moment. 

If the pipe ends are fixed, the longi- 
tudinal stresses due to temperature 
change must be added to f; in Eq 9.6. 
When expansion joints and bearings 
of low frictional resistance (see Fig. 


Fig. 9.7. Expansion Joint Between 
Stiffener Rings 


The rings are supporting a 54-in. diameter 
pipe laid on a slope. 


9.5-9.7) are provided, however, the 
temperature stresses may be prac- 
tically eliminated. Additional thrust 
or pull due to installation on a slope 
also must be considered. Data rela- 
tive to earthquake forces acting on 
ring girder—supported pipe have been 
published (6). 

Ring buckling of the pipe shell must 
be investigated if there is a possibility 
of outside pressure or partial vacuum. 
Standpipes or relief valves may prove 
economical. 

Wrinkling due to longitudinal com- 
pressive stresses in thin, hollow cyl- 
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inders has been analyzed theoreti- 
cally, and specimens have been tested 
(7). The theoretical wrinkling stress 
was not reached in any test. The 
wrinkling strength of the cylinders 
tested varied approximately directly 
with the ¢/r ratio up to a certain 
critical value of this ratio. The 
critical value was about 0.003 for thin 
fabricated specimens. For values of 
t/r equal to or less than 0.015, it was 
concluded that the full yield strength 
of the steel (up to 33,000 psi) would 
be developed before wrinkling oc- 
curred. 

The critical wrinkling strain, ¢, is 


t 
given by the expression « = (z)0.60-, 


in which z is an experimentally de- 
termined constant. For fabricated 
specimens with ¢ = 0.125, z equals 
0.18 to_0.23, and for large fabricated 
specimens with ¢ = 0.25, z = 0.25 to 
0.26. 

The critical wrinkling stress may be 
obtained by direct reading of a tension 
stress-strain diagram of the steel used, 
such as Fig. 1.4 (Chap. 1). One 
authority (8) suggests that a con- 
servative value of wrinkling stress be 


t 
taken as 0.12F in which £ for steel is 


30,000,000. 

Table 9.5 has been prepared to 
show the results of applying the 
critical wrinkling strain-stress theory 
of Wilson and Newmark (7) and the 
conservative wrinkling stress expres- 
sion of Younger (8) for values of t/r 
in actual installations mentioned in 
Schorer (3). 

Although not true theoretically, it 
was found when testing that strength 
decreased somewhat as length in- 
creased, being 20 per cent less for 35-ft 
lengths than for 6-ft lengths of 34-in. 
diameter specimens with 4-in.-thick 
wall. Irregularities in form which 
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may occur on a relatively greater 
scale for the thinner material may 
account for the higher critical wrink- 
ling stresses found for the thicker 
material. 

The rim bending stress in the pipe 
shell given by Eq 9.7 reduces rapidly 
as the point considered moves away 
from the support, vanishing almost 
completely at a distance of 4.89¥Vér 
from the edge of the ring girder (9). 
When reinforcement of the shell is 
needed at the support, this fact 
should be noted. The vanishing dis- 
tance is less than 19 in. for the 
example given in Sec. 9.7.5. 


9.7.4. Pipe Half Full 


For design purposes it is convenient 
to compare the maximum longitudinal 
stress and radial bending stress in the 
pipe shell for the half-full condition 
with the maximum longitudinal beam 
stress, fx, for a simply supported full 
pipe (Eq 9.6; w=0). The corre- 
sponding stress ratios designated by 
n, and n, become functions of a pure 
number, &, defined as: 


r 


In actual cases, the value of k varies 
from about 0.20 to 1.20. Within 
this range: 


The half-full condition causes higher 
stress than the full condition when k 
is less than unity. The ratio ny, 
remains the same for continuously 
supported pipe. The value of fz 
(Eq 9.6; w=0) multiplied by n, 
gives the maximum longitudinal stress 
for the half-full condition; likewise, 
if multiplied by n,, it gives the maxi- 
mum radial bending stress in the pipe 
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shell. As the rim bending stress, fy», 
from Eq 9.7 is zero in Eq 9.8, rela- 
tively high longitudinal stresses may 
be allowed for the half-full condition. 
A value of 10,000 psi has been sug- 
gested by Cates (J0) for the full 
condition and 18,000 psi for the half- 
full condition. 

In the ring girder, the maximum 
moment for the half-full condition is 
3.88 times the moment value for the 
full pipe when a value of 0.04 for 


a ‘ 
R (the value which gives the minimum 


Fig. 9.8. Anchor Block 


This blockganchors a 66-in. diameter pipe 
against longitudinal movement. 


moment for full condition) is used in 
design. This is not as serious as 
may appear at first, because the as- 
sumptions leading to the value 3.88 
are conservative. Also, several of the 
forces and conditions present when 
the pipe is full are not present when 
it is half full. For these reasons, 
stresses near the yield point may be 
allowed for the relatively infrequent 
conditions of filling and emptying the 
pipe (3). The pipe shell and ring 


girder should, however, be investi- 
gated for the half-full condition. 
references should be consulted. 


The 


: 
1 0.31 
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Design aid coefficients for analyzing 
stiffener rings for full, partly full, and 
earthquake forces have been pub- 
lished (9). Other useful data have 
also appeared (11-15). 


Example of Calculation, Con- 
tinuous Pipelines 


Conditions: D = 120 in.; t = 0.25 
in.; = 100 ft; C = 1in.; A, = 1 in. 
- 12.25 i in.; a = 0.04R; h = 100 ft; 
w = 12 psf; q = 62.5 lb/cu ft. 


Shell stress: 


From Eq 9.5, the maximum ring 
stress : 


9.7.5. 


D 
= + gh) 


20 
[12 + 62. s(100) 


2(0.25) 144 


= 10,440 psi 
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The maximum longitudinal stress 
(Eq. 9.6) for continuous pipeline : 


fu= TAD 
100?(12) a(12) 

~ 4(0.25)L 10 


The maximum rim bending stress 
(Eq 9.7): 
82(A, — Ct) 
A, +1. 

1.82(12.25 — 1(0.25)] 


18,690 psi 


Soo 


(10,440) 
12.25 +1. 56(0.25) ¥60(0.25) 


= 16,570 psi 
From Eq 9.8: 
f =ft + foo 


18,690 + 16,570 = 35,260 psi 


Fig. 9.9. Ring Girder-Supported Pipe 


The pipe shown has a diameter of 14 ft 8 in., with a wall thickness of } in. 


4 
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By changing L = 100 ft to L = 60 ft, 
the value of f becomes 23,310 psi, 
which isstill excessive. Consequently, 
the thickness, ¢, should be increased 
adjacent to the support for a 10-ft 
course, thereby reducing the stress, f/f, 
to proper value. By using #?-in. 
plate, f becomes 14,650 psi, which is 
satisfactory. Based on L = 60 ft, 
the total reaction transmitted to the 
supporting ring is Q = 60(r-10-12) 
+ (m-5*-62.5) = 317,000 lb. 


Ring stress: 


The maximum bending moment in 
the ring girder (Eq 9.9): 


M = 0.01QR 
= 0.01 (317,000) (66.25) = 210,000 in.-Ib 
From Eq 9.10—9.13: 
My _ 210,000(6) 


fi = 8,750 psi 
_ 317,000 _ 
) 
= — 
fs A; C+ 1.560 A, + 1.56tvrt 


_ 43.4(60) 


12 ) 
(: + 6.04 595 4151 


= 1,320 psi 
f=fitfe ths 

= 8,750 + 6,470 + 1,320 

= 16,540 psi 


9.8. Ring Girder Construction for 
Low-Pressure Pipe 


General designs for four types of 
long-span pipe of the flow line variety 
are shown in Fig. 9.11. 

Type 1. Usually recommended for 
crossing canals and other low places 
where a single length of pipe for 
spans up to 60 ft can be used, Type 1 
pipe may be made and shipped in one 
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length from the factory or in two 
lengths; in the latter case, a welded 
joint must be made in the field at the 
time of installation. 

Type 2. Used in crossing highways, 
canals, or rivers, where the length of 
the crossing makes necessary two in- 
termediate supporting columns, Type 
2 pipe is designed in three lengths 
with flanges welded to the ends of 
each length at points of contraflexure, 
together with expansion joints for 
both intake and outlet. This type is 
normally used for crossings from 60 to 
132 ft, with end spans one-half the 
length of the center span. 

Type 3. Type 3 differs from Type 
2 in that each end span is 80 per cent 
of the length of the center span. 
Type 3, therefore, can be used for 
longer crossings than Type 2. It 
requires two expansion joints and 
five lengths of pipe with flanges welded 
to ends of each length at points of 
contraflexure. Type 3 may be used 
for overall crossing lengths from 104 
to 260 ft. 

Type 4. Type 4 is designed for 
conditions where it is necessary to 
support a continuous series of long, 
clear spans. The structure may be 
made in lengths to suit any field 
condition. Any number of inter- 
mediate spans may be used, with as 
many expansion joints as needed for 
the overall length of the installation. 


9.9. Installation of Ring Girder 
Spans 


In addition to proper design, long- 
span ring girder—supported steel pipe- 
lines require careful field erection, 
particularly in regard to alignment 
and camber, avoidance of movement 
caused by temperature differences on 
opposite sides of the pipe, and correct 
welding procedure. The following 
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suggestions will be helpful, and more 
information has been published (/5). 

9.9.1. Concrete footings. Before as- 
sembling the pipe, concrete footings 
(but not the intake or outlet boxes) 
should be poured. If the pipe is to 
be supported on rollers, a pocket is 
left at the top of the footings as a 
base for the roller bed plates. If steel 
bents are to be used, anchor bolts are 
set in concrete footings for holding 
the lower end of the pin-ended steel 
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been allowed to set for at least 2 
weeks. If expansion joints are tight- 
ened before concrete is poured, the 
pipe may pull loose from the green 
concrete. After concrete has set 
thoroughly, expansion joints are tight- 
ened and all danger of damage from 
pipe movement is eliminated. 

To protect the expansion joint dur- 
ing shipment, it may be necessary for 
the manufacturer to tack weld steel 
ties to the inside of the pipe, tying the 


(d) Detail (Alternate) 
Equivalent Flange Width 


(07847 | 
4 


Area=A, 


~ 


” 

io) 

c 


(a) Section Through Pipe 
Fig. 9.10. 


bents or the base plates. The con- 
crete footings should be finished a 
little low to allow for grouting these 
supporting members to their proper 
height. 

9.9.2. Expansion joints. Expansion 
joints are installed in long-span steel 
pipe to allow for expansion or contrac- 
tion caused by temperature changes. 
These joints are placed near the con- 
crete headwalls and should be left 
entirely loose until the concrete has 


(b) Section Through Ring 
Pipe and Ring Girder Support 


See Sec. 9.7 for explanation of symbols. 


R (Centroidal Axis of Ring Stiffener) 


Area= A, 


(c) Detail 


two pieces of pipe together across the 
joint. When this is done, the steel ties 
must be knocked loose from the pipe as 
soon as it is set in piace and before 
concrete is poured. 

9.9.3. Assembling pipe. Pipe being 
assembled should be supported by 
temporary framework between piers. 
All bolts, except expansion joint 
bolts, are tightened. When pipe is 
in place, concrete intake and outlet 
boxes are poured. Bed plates for the 
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Type 1 


PIN ENDED STEEL BENTS 


CONCRETE FOOTINGS FOR STEEL BENTS 


CENTER SPAN 


-_ TOTAL LENGTH = 2L +6 
Type 3 
BOLTED FLANGED FIELD JOINT 


Z MYDRAULIC GRADIENT 


——— CONCRETE FOOTINGS FOR STEEL BENTS — 


END SPAN 0.801 CENTER SPAN 
TOTAL LENGTH = 2.6146 


END SPAN 0.801 ~ 


Type 4 


SEAL RING, EXPANSION JOWT 


EXPANSION JOINT Seal RING WATER SURFACE 


INTERMEDIATE SPAN INTERMEDIATE SPAN = 


Fig. 9.11. Long-Span Steel Pipe for Low Pressures 


See Sec. 9.8 for a discussion of the uses of each type of pipe. 


(WATER SURFACE , RING EXPANSION JOINT EXPANSION JOINT SEAL RING WATER SURFACE 
RING GIRDER SUPPORT HYDRAULIC GRADIENT WING GMOER SUPPORT 
Type 2 
WATER SURFACE SEAL RING ————_—— BAPANSION JONNT BOLTED FLANGED FIELD JOINTS EXPANSION JOINT SEAL RING — WATER SURFACE 
MINIMUM 3 FT —— IND SPAN 0.501 SPAN 3 FT. MINIMUM 
4 
<5 
INTAKE fi BOLTED FLANGED FIELD sree. sents. EXPANSION JOINT > 
STRUCTURE 2 | STRUCTURE 
— 
ROCKER ON CONCRETE PIER ENDED STEEL BENTS ON | 
277 SPAN = 0.0L INTERMEDIATE SPAN INTERMEDIATE END SPAN = 0.801 END SPAN = 0.8K 
; SHOP LENGTHS ASSEMBLED 
— PIN ENDED STEEL BENTS — 
OM CONCRETE FOOTINGS — 
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rollers or pin-ended steel bents are 
grouted in place to the proper height. 
Temporary supports and_ blocking 
should be removed before the pipe is 
filled with water, otherwise the struc- 
ture will be subjected to undue stress. 


9.10. Good Practice 


The principal beam stresses in long- 
span pipe should be on the order 
of 10,000 psi maximum. Combined 
bending stresses may reasonably reach 
18,000 psi. If secondary stresses 
are mathematically analyzed using 
“classical’’ methods, the principles 
outlined in Chap. 1 should be re- 
viewed to avoid uneconomical struc- 
tures. Seismic forces should be con- 
sidered when necessary. 
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ACTIVATED 
CARBON 


Are the folks in your community glad to get home to 
the water you serve? They are if it is consistently as 
palatable as it is pure 


You can be sure of serving the best-tasting water if you 
faithfully follow the practice of daily threshold odor 
tests to detect and accurately measure tastes and odors as 
they form, and then control them with AQUA NUCHAR 


Due to its incredible porosity, AQUA NUCHAR has 
strong surface affinity for taste-and-odor-forming sub- 
stances. Extremely low average concentrations quickly 
entrap troublesome matter and remove it by adsorption 


With AQUA NUCHAR, consistent palatability costs just 
pennies per day! 
West Virginia 


Our field representative will gladly discuss your problem 
Pulp and Paper with you and arrange for a survey of your plant. 
INDUSTRIAL CHEMICAL SALES DIVISION 

230 Park Ave., New York 17 - Philadelphic National Bank Bidg., Philadelphia 7 

35 E. Wacker Dr., Chicago 1 - 2775 S. Moreland Bivd., Cleveland 20 
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+ Everything new in metering is in 
Here Ss how Trident Model 60. This is the meter 


that protects your present and fu- 


ture investment. This is the meter 
that gives you all the advantages of 
modern, sealed construction, plus 
two most important money-saving 
features. See for yourself why 
Trident Model 60 offers impressive 
Model 60 savings in your overall costs. And 
your system’s investment (for 
which you are responsible) is pro- 
tected . . . now and in the future. 
May we show it to you? Phone 
your Neptune representative, or 


write today. 


METER / COMPANY 


LIQUID METER DIVISION 
47-25 34th Street, Long Island City 1, N.Y. 
OFFICES IN PRINCIPAL CITIES 


in Canada: Neptune Meters Ltd. 
I) 1430 Lakeshore Rd., Toronto 14, Ont. 
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Drowning is what we are these days, 
drowning in the salt-water and short- 
water statistics that are flooding the 
nation’s press. Toward our survival, 
it seems important that we learn to 
swim rather than just wish that the 
flood would end, for, properly chan- 
neled, such a flow of information about 
water could in short order make our 
public aware and appreciative of our 
accomplishments and needs. Mean- 
while, we can hope to keep afloat by 
grasping at the occasional straws of 
accurate reporting and by providing 
the material out of which those straws 
can be made. 

It is quite impossible these days to 
keep up with or to keep accurate the 
inundation of information on water 
supply. Not only the newspapers and 
magazines and radio and TV, but in- 
vestment service scratch sheets, bank 
bulletins, and almost all other communi- 
cations media have turned to the task 
of alerting the public to the imminence 
of a water shortage that can be warded 
off only by desalting the sea. That 
there really is no water shortage seems 
incidental. Although it is what is that 
ultimately matters, it seems to be what 
seems to be that matters most right 


now. 
Thus, from Washington, D.C., on 


Jul. 


18, Scripps-Howard columnist 


(Continued on page 38 P&R) 


Peter Edson, presumably relying on 
some better source than his own ob- 


servation, reported: 


In 1900 the United States used about 
40 bgd of fresh water. Last year it was 
over 300 bgd. By 1970 use is estimated 
at 400 bgd; by 1975, 450 bgd. There 
just isn’t that much fresh water available. 


Quite obviously it wasn’t the USGS 
that provided the figures, for they re- 
port present consumptive use at 61 bgd 
and cite 597 bgd as the amount that 
can be made economically available. 
It wasn’t Abel Wolman, chairman of 
sanitary engineering and environmental 
control for the National Research Coun- 
cil, who indicates that actual consump- 
tion in 1980 will be on the order of 
120 bgd. And it wasn’t the Senate 
Select Committee on National Water 
Resources, which reported: 


Projected consumptive uses of water 
diverted from streams or underground 
sources thus range from an amount less 
than 10 per cent of streamflow in 1954 
to 11 per cent in 1980 and about 14 per 
cent in the year 2000. 


Who it was doesn’t really matter too 
much. There are plenty more where 
he came from. And the widespread 
dissemination of such “knowledge” is 
helping to assure a more or less crash 
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(Continued from page 37 P&R) 


program of desalinization research, the 
success of which will certainly be im- 
portant in giving the water utility field 
another string to its bow. The fact is, 
though, its present string is only about 
10 per cent used, and it is mighty short 
of arrows. Just a couple hundred bil- 
lion of those crash dollars could pro- 
vide a lot of badly needed fresh-water 
source, treatment, and _ distribution 
facilities. 

We're sometimes tempted to turn 
over on our backs and float, waiting 
for the day when, with the whole ocean 
available, the continued need for sprin- 
kling restrictions will finally prove our 


point. But for fear we won’t live that 


long, we’re starting to dog paddle now. 
And if the first stroke—this item by 
Frank C. Porter in the Sunday Wash- 
ington Post of Jul. 23: 


A trade group has thrown cold water 
on the current excitement—shared by 
President Kennedy and stock speculators 
among others—for desalting the sea. 

The American Water Works Associa- 
tion, which has more than a passing in- 
terest in the status quo of tapwater, 
claims that on the basis of valid com- 
parisons, the cheapest desalinized product 
is 20 times as expensive as fully treated 
fresh water. 

The rub comes, says the Association, 
when desalting enthusiasts try to com- 
pare merely the cost of running a de- 
salinization plant alone with the full costs 
of fresh water, including treatment, dis- 
tribution, depreciation and administrative 
costs. 

The average cost of fresh water to 
public suppliers is 12.3 cents per 1,000 
gal, all factors included, the Association 
continues. The actual cost of fresh wa- 
ter treatment is only about 5 cents per 
1,000 gal compared to $1 for the desalting 
process at the new Freeport, Tex., plant. 

The Association claims it is not trying 
to talk down the desalinization program; 


it says it sees real importance in it for 
the nation’s future and for many water- 
short areas of the world today. But, the 
trade group argues, in the United States 
total consumption of water “at the pres- 
ent time is only about 10 per cent of the 
total fresh-water supply economically 
available,” thus leaving an adequate mar- 
gin for some time to come. 


wasn't classy, it did splash a few facts 
around, 


With cost and price thus properly 
differentiated, it may be helpful to 
give some examples of imaginative rate 
schedules. And we are thinking of 
nothing so picayune as the $1.25 per 
1,000 gal rate reported for a community 
in the vicinity of Washington, D.C. 

Down in Houston, Tex., four men 
were successful in selling water at ap- 
proximately $1,500 per 1,000 gal—not 
through the tap, of course, but packed 
in containers labeled ‘Meadowgold”’ 
and “Vita-Pakt” together with some 
sugar and orange juice. The men, 
officers of Cal-Tex Citrus Juices, Inc., 
were convicted last May, not because 
of the price charged for the water, but 
for the fact that they labeled the con- 
tainer “pure orange juice.” 

Then, in Trumansburg, N.Y., a 
grocer thought he would try his hand 
at merchandising our product, canned, 
as “Instant Water—best possible way 
to make coffee, particularly instant cof- 
fee” and “fine for outdoor cooking.” 
He had no trouble at all in getting rid 
of five quart cans at 85 cents per can 
or $3,400 per 1,000 gal. And the fact 
that he refunded the money next day 
did not unprove his point. 

Meanwhile, as reported in June 
(P&R p. 96), a Department of Agri- 
culture order has made it quite legal 
for butchers to sell water, injected into 


(Continued on page 40 P&R) 
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Bell (Hub) End Repair Sleeve 


Smith Repair Sleeves are the answer to permanently repairing and quickly 
returning broken and cracked piping to service. Two types of Smith 
Repair Sleeves are available for installation on standard classes of cast 
iron pipe. Smith Mechanical Joint Repair Sleeves are produced in sizes 
4” thru 12”; Smith Bell (Hub) End in sizes 4” thru 48’. Unskilled labor 
can speedily install Smith Mechanical Joint Repair Sleeves even in wet 
excavations. Bell End Repair Sleeves are most frequently installed with 
caulked lead joints. Smith Repair Sleeves reenforce the broken — cracked 
pipe and their service life equals the life of the pipe. 


>): THE A.P. SMITH MFG. CO. 


EAST ORANGE, NEW JERSEY | 
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hams up to a total of 10 per cent of 
weight, at a price of more than $5,000 
per 1,000 gal. And Sen. Maurine Neu- 
berger of Oregon has figured that, in 
this form, butchers each year will sell 
$87,500,000 worth of “federally in- 
spected water.” 

But the real touch of genius has been 
shown by a number of different entre- 
preneurs who have made unconverted 
sea water their stock in trade, selling 
it unadulterated and untreated at rates 
up to $20,000 per 1,000 gal as a “foun- 
tain of youth” drink that is also effec- 
tive as a cure for arthritis, cancer, 
diabetes, multiple sclerosis, Parkinson’s 
disease, and leukemia. Seized by the 


Food & Drug Administration in Salina, 
Kan., were a supply of half-pint bottles 
of “Sea Brine Concentrated Natural 
Sea Water” bottled at Lakeland, Fla., 
by the Florida Sea Brine Laboratories, 


Inc. Meanwhile, in Ohio, 93 gal of 
an unbranded, cut-rate sea water bot- 
tled near Belmar, N.J., was seized by 
the FDA, and in Lansing, Mich., the 
state food and standards division seized 
a supply of similar stuff, selling at 
$1.69 per pint. 

What the public water supply field 
needs is imagination! 


Fluoridation causes high blood 
pressure, it seems, whenever it is sub- 
jected to public debate. And in this 
stage, too, some major mottling re- 
sults, as the cheeks of both proponents 
and opponents often turn almost pur- 
ple with frustration or fulmination. 
We can imagine that some heat pros- 
tration must occur as well when the 
issue is introduced in mid-July as it 
was this year in Kansas City, Mo. 
But as yet there has been no proof 
of ill effects after adoption. 
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At KC, the decision had not been 
rendered when this report went to 
press, but the situation was charac- 
teristically hypertense. Things were 
no more genteel last April either, when 
well-mannered Wellesley, Mass., along 
with Brookline and Andover, was 
similarly afflicted and voted not to 
take their doctors’ and dentists’ advice. 

Said Dr. Frederick B. Exner, Seattle 
radiologist who has stumped the na- 
tion to fight fluoridation, at a public 
hearing in KC: 


It isn’t sensibie to put any drug in the 
water supply. ... No benefit has been 
proved. When they say that the benefit 
of fluoridation has been proved, it is an 
outright lie... . 

No government has the right to decide 
what drugs I must take as long as I pose 
no threat to public health. It is a prece- 
dent for substituting a completely totali- 
tarian government in place of the consti- 
tutional republic we have enjoyed. 


Said Dr. Frederick J. Stare, Har- 
vard nutritionist and Wellesley fluori- 
dation proponent, at an AMA meeting 
where he urged doctors to support and 
encourage fluoridation : 


But to do this, you will have to stand 
up to personal abuse from an odd assecrt- 
ment of food nuts, organic gardeners, 
John Birchers, pure water enthusiasts, 
and others whose comic chemistry trans- 
cends common sense. 

These self-righteous pseudoscientists, 
who think they have such a complete 
understanding of the second most preva- 
lent disease of mankind, deny over half 
of our children and over 100,000,000 
Americans of the next generation the 
opportunity to have only half thé tooth 
decay you have. 


Said Time magazine, in reporting 
the Wellesley referendum: 


(Continued on page 42 P&R) 
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Cuts Backwash Cleaning 
Time in Half 


WASH BAFFLES 


A clean filter bed in half the backwash time 
—made possible by the increased velocity 
of backwash water in cleaning area above 
expanded sand. Flow of water is directed to 
wash troughs. Foreign matter put in sewer. 
If filter develops uneven flow or “sand- 
boils,” baffles deflect flow horizontally to- 
ward surface of sand in areas where vertical 
flow is restricted. Creates slight back pres- 
sure on filter above sand level, helping to 
equalize flow. Covers provide surface for 
precipitation of solids, reducing load on 
filter. Dirt can be washed off surfaces into 
wash troughs. 


Write For Catalog No. 5-2 
EQUIPMENT 
CORPORATION 


271 Hollenbeck St., Rochester 21, N.Y. 


3 
for RAPID SAND FILTERS 
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The reason [that fluoridation fails to 
win on referendums] is that psychologi- 
cally the issue lends itself to the purposes 
of otherwise insignificant political fringe 
groups. Playing on the populace’s anxie- 
ties, they can get on a winning side and 
look more influential than they are. 


So F continues to mean “fight.” 


An F fight on another front is about 
to begin, too, as Bristol-Myers Co. has 
brought out its Ipana toothpaste in a 
new form, containing sodium fluoride, 
to challenge Procter & Gamble’s stan- 
nous fluoride Crest. In its new and 
more so form, the “smile of health’ 
dentifrice is said to possess “more 
decay-germ killing power than any 


to be seen whether the American Den- 
tal Association, which gave recognition 
to the caries-preventive value of Crest, 
will be asked to, and if asked will, give 
similar recognition to Ipana. 

What with fluoride dentifrices, tooth- 
brushes, chewing gum, and beer al- 
ready invented, we are going to have 
to concentrate on our sodium silico- 
fluoride nail polish “for girls who 
bite their nails.” 


Robert B. Diemer is retiring as 
general manager and chief engineer of 
the Metropolitan Water District of 
Southern California, after 32 years of 
service with the organization. He has 
been general manager since January 


other leading brand.” It now remains 1952. 


(Continued on page 44 P&R) 


KLETT SUMMERSON 
ELECTRIC PHOTOMETER 


Adaptable for Use in Water 
Analysis 

Can be used for any de- 

termination in which color 

or turbidity can be devel- 

oped in proportion to sub- 

stance to be determined 


KLETT MANUFACTURING Co. 
179 EAST 87th STREET - NEW YORK, N. Y. 
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highly resistant to wear and abrasion 
in sewage and water works systems 


Everpur® copper-silicon alloys have 
excellent resistance to corrosion in 
all types of water works installations 
and at all stages of sewage treat- 
ment operations. EVERDUR equip- 
ment in the United States has been 
in service without replacement for 
30 years and longer. 

Easily fabricated EverDuR pro- 
vides high physical strength with 
lighter weight. It is used extensively 
in sewage systems handling corro- 
sive wastes in screens, stems, man- 
hole steps, guides, bolts, weirs, float 
chambers, troughs. And for water 
works equipment you will find 
EVERDUR alloys in long service as 
surface reservoir outlet screens and 
screen frames and as large diameter 
cylindrical well screens in drilled 
well supply systems. Other uses: 
spillway fittings, guides, seats and 


sealing strips. And don’t forget 
EverDuR Electrical Conduit for use 
in corrosive atmospheres. 
Publication E-11 shows typical 
applications and other data. Write 
for your copy—or for assistance from 
our Metallurgical Dept. in selecting 
the proper corrosion-resistant alloys 
for your equipment. Address: Ana- 
conda American Brass Company, 
Waterbury 20, Conn. In Canada: 
Anaconda American Brass Ltd., 
New Toronto, Canada. 61-811 


EVERDUR* 


a product of 


ANACONDA 


AMERICAN BRASS COMPANY 
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Fire Prevention Week, Oct. 8-14, 
is a week in which water supply will 
be feted, too, as the backstop of pre- 
vention. The more prevention, we 
might point out, the less free water you 
must supply for extinguishing fires. 
And the better the water system, you 
might point out, the lower the fire in- 
surance rates and the less the fire 
damage. 


Speaking of extinguishment, 
though, recalls a recent demonstration 
by the New York City Fire Depart- 
ment of a new “ultra-high expansion 
foam extinguishing system.” The dem- 
onstration took place in an old three- 
story building on Welfare Island where 
firemen started a blaze on the first story 
and then went to work on it promptly 


(Continued from page 42 P&R) 
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with the new goo. In no time at all 
the whole building was in flames, re- 
quiring thousands of gallons of a ne 
plus ultra extinguishing system to do 
the job. Be it ever so humble, it’s no 
place for foam. 


Pool’s gold is what the Atlanta, 
Ga., water department is collecting 
these days as a result of a special serv- 
ice set up for the city’s 1,000-1,400 
private pool owners. At a price of 
$60-$70 per pool, Paul Weir’s men go 
to work with hoses hooked up to nearby 
fire hydrants and do the filling job in 
4-5 hr instead of the days required 
through a garden hose hooked up to 
the sill cock. Service on tap, of course, 
says Paul, but we plug our service too! 


Lithographed 


DRY ACID* 


“Better with Chenucats” 


Packaged in 50 Pound net 


Easy and Safe to Handle. 


Developed Specifically for Chemically Treating Municipal and 
Industrial Wells to Increase the Flow. Proven in Thousands 
of Wells Over the Past Ten Years 


MAKE NEW WELLS BETTER & OLD WELLS LIKE NEW with— 


([OTEY HEMICAL [ OMPANY 


DRY’ 
ACID 


SPECIAL 


waren 


Steel Pails 


DRY ACID® SPECIAL 


Reg. U. S. Pat. Off. 


Box 1239 
Lubbock, Texas 


2301 Ave. G 


POrter 3-1566 


Export Office: Box 734 
Fort Worth, Texas, USA 
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Magnetic Drive Disc Water Meter—-Model MHF 


Featuring Simplicity of Design 


No Fogging 

e No Stuffing Box 1 

e Standard Change Gears Hers ey Sp arling 
e Can Be Field Serviced Meter Company 

e@ Extreme Sensitivity and Life-Long Accuracy HERSEY PRODUCTS 

e Bronze or Frost Protection Bottom DEDHAM, MASSACHUSETTS 


@ Sizes: %” x 4%" and %” x %” 


Branches: Atlanta, Boston, Chicago, Cleveland, Dallas, Denver, Kansas City, Mo., Los Angeles, New York, Philadelphia, Portland, Ore., San Francisco, Seattle. 
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Eliminate iron and 
manganese problems with 
CAROX* 

Potassium Permanganate 


Efficient, economical CAROXx Potassium 
Permanganate in your water system can 
prevent the annoying stains and clogged “4 
pipes caused by soluble iron and manganese. a 

CaROX goes right to work (in your present 
equipment), converting all of the dissolved 
iron and/or manganese to the corresponding 
insoluble oxides . . . which can then be 
readily removed by coagulation, sedimenta- 
tion, and/or filtration. 

You'll find that Carox works rapidly, 
economically, and effectively, to improve the 
quality of your water... and your com- 
munity’s reputation. If you have problems 
with iron and manganese, write today to 
Carus Chemical Company, Inc., 1377 Eighth 
Street, La Salle, Illinois, for a free copy of 
our illustrated brochure, “Carox Potassium 
Permanganate for Quality Water.” . 
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Thomas E. Drumm Jr. has been 
appointed administrator of the Busi- 
ness and Defense Services Administra- 
tion, US Department of Commerce. 
He has served as assistant adminis- 
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Seymour Zubkoff, a principal en- 
gineer on the staff of the Hydrotechnic 
Corporation, hydraulic and sanitary 
engineers of New York City, has been 
assigned to Saigon, Viet Nam, in con- 


nection with the firm’s engineering 
work for the new Saigon-Cholon 
Metropolitan Water Supply project. 


trator since September 1958 and has 
been acting administrator since March 


1961. 


September 1911—An appropriation of somewhat more than $8,000,000 was made for 
the construction of a water filtration plant at the eastern basin of the Jerome Park 
Reservoir in New York City. “Preliminary work will consist of bringing up to date 
the plans and specifications originally prepared for (slow) sand filtration and prepar- 
ing also complete plans and specifications for a mechanical filtration plant, with the 
object of comparing the two methods.” 


“The matter of waterproofing a standpipe to prevent absorption is well developed 
at present. The one disadvantage with the patented waterproofing compounds is the 
high cost. ‘Sylvester's Solution,’ castile soap and alum, will give lasting and per- 
fectly satisfactory results.” 


“Some of those who are trying to aid in the much-needed campaign for water-waste 
reduction are advocating that the Commissioner of Water Supply shall have the power 
to establish ‘standards of size, weight, and quality of all new fittings which shall here- 
after be used for the distribution of water in or outside of buildings.’ Power of this 
kind should certainly be given to the city authorities of New York, particularly if it 
is to remain a practically unmetered city.” 


Gas in a well near Kenwood, Pa., caused the death of two men. One of the men 
was asphyxiated while installing the pump in the completed well, which was about 
25 ft deep, and the second was overcome while attempting to rescue his fellow work- 
man. The two bodies were recovered by a man who was let down into the well with 
one end of a garden hose held in his mouth to supply him with fresh air from above. 


“Every year now a good many towns of about 1,000 population are for the first time 
installing public water supplies. More and more a public water supply is coming to 
be regarded as a necessity rather than a luxury. This attitude on the part of the 
citizens of small cities is now becoming so common that a number of very good engi- 
neers are devoting all, or a large part of their time to designing and supervising the 
construction of water works in small municipalities.” 


At Lawrenceville, Ga., the citizens voted Aug. 23 to issue $35,000 for the con- 
struction of water works. At Biloxi, Miss., “bids will be received until Sep. 15 for 
$70,000 in water works bonds.” At Marysville, Mo., the citizens on Aug. 24 voted 
to issue $100,000 in bonds, with which to purchase the present water plant and im- 
prove same. At Jersey City, N.J., “the Board of Finance will receive bids Sep. 22 
for $7,000,000 bonds, proceeds to be used to purchase the Boonton water works.” 
At Manitowoc, Wis., the citizens voted to issue $230,000 in bonds, with which to pur- 
chase the plant of Manitowoc Water Co. 
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“I ended up with ‘do-it-myself’ service... 


... did I get taken! I plead for pump service — and find 
out I’m talking to the salesman’s telephone answering 
service. ‘He’s out in the territory,’ they tell me . 

‘won't be back until Friday.’ Territory, indeed! What 
am I supposed to do, organize a bucket brigade until 
Friday? Why can’t that manufacturer hire someone 
to service pumps! Someone who fixes ’em for a living — 
not a salesman who just does service as a sideline.” 


Trained service at your command .. . one of the 
benefits of dealing with Allis-Chalmers. Industrial 
Equipment Division, Allis-Chalmers, Milwaukee 1, Wis. 


ALLIS-CHALMERS 
TRAINED SERVICE 


At Allis-Chalmers, the servicemen 
“service” and the salesmen sell. Every 
regional office has available a network 
of specifically factory-trained men to 
service pumps “on the spot.” Certified 
Service Shops can rebuild equipment 
quickly .. . save you transportation ex- 
pense and time. When you call for serv- 
ice, you get service . . . from service- 
men. The quickest and best offered by 
any pump manufacturer. 
A-1497 
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the Only Curb Stop 
with all these Features 


(Pat. Pending on 
NUSEAL Plug Vaive.) 

e EASY TURNING —No contact between 
metal parts—Prevents binding or freez- 
ing of plug in body after short or long 
periods when plug is not turned. 

e NUSEAL at inlet and outlet plus O-Ring 
top and bottom of plug assures bubble 
bp shut off and leak proof service for 

,000 or more cycles at 0 to 125 psi. 

e RUBBER 0-RINGS pre-load pressure 
actuated Teflon* NUSEAL and provide 
automatic compensation for wear. 

e FLOW may be in either direction. 

e USE REGULAR HAYS CURB BOX—can be 
buried underground without fear of 
costly re-excavation. 

e LIFETIME SELF LUBRICATING quality of 
Teflon NUSEAL eliminates lubrication 
and maintenance. 

e SOLID TEE HEAD indicates open and 
closed position — quarter turn right or 
left opens or closes. 

Write for Folder #400 


*Tefion registered trademark 
E. |. DuPont DeNemours Co., inc. 


HAYS MFG. CO. 
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| its front page. 
| the police department was forced to 
| issue combat helmets to its patrolmen 
_to protect them from the bricks and 
| other missiles thrown at them by over- 

heated brats when they shut off hy- 
_drants being used as public showers. 
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Compact Gets by Roadblock was 
the story as the Delaware River Basin 


| Compact finally received the endorse- 
_ ment of Interior Secretary Udall after 


a review of the constitutionality of 
federal participation in the compact 


| on an equal basis with the four states 
involved. 


Having received confirma- 
tion by the legislatures of Delaware, 


| New Jersey, and New York already, 
_the compact now needs official ap- 
| proval by the Pennsylvania legislature 
and by Congress, but it is estimated 


that land acquisition on the project 
can get under way in 4 years, if, that 


_is, Washington doesn’t again cross up 
| the Delaware! 


July in New York was HOT! 
So hot, in fact, that even the New York 


| Times succumbed and printed a two- 


column photo of a child hanging over 
a public drinking water fountain on 
So hot, in fact, that 


So hot, in fact, that the public may 
even have been momentarily conscious 
of the comfort that water provides. 

A perspiration inspiration might be : 


strike while the city is hot to get what 
| you want to give your customers what 
| they want! 


Francis R. Hall has joined the New 


Mexico Institute of Mining and Tech- 
| nology, at Socorro, as an associate hy- 
| drologist and faculty associate. He 
| was formerly on the staff of the Stan- 
_ ford Research Institute, Menlo Park, 
Calif. 


(Continued on page 54 P&R) 
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Like Atlanta, Ga., you too can meet tomorrow’s increased water 
demands with clean water mains. When the coefficient of sections of 
Atlanta’s 45 year old main dropped to a low of 44, Waterworks 
General Manager, Paul Weir ordered National cleaning. Results 
were outstanding. Water pressure and capacity doubled, giving 
better fire protection and higher water pressure to outlying sections. 


Do as other leading cities have done—let National 
cleaning provide for tomorrow's expansion without 
capital expenditure today! We can prove that N: 
_— is an investment—not an expense. 


Write us today! 


TIONAL WATER MAIN CLEANING COMPANY 
50 Church Street ° New York, NY. 


EASTERN SALES REPRESENTATIVE FOR PIPE LININGS, INC. 


333 Candler Buil , Atlanta 3, Georgia; 920 Grayson St., Berkeley, Calif.; 115 Peterboro +1 
Boston 15, Mass.; 533 Hollis Road, harlotte, N.C.;8 S. Dearborn St. * Rm. 808, Chicag 
Ill. ;§P. O. "Box 385, Decatur, Ga.; 2024 Merced Ave., El Monte, Calif.; 315 N. Coonennt Si 
Flandreau, South Dakota; 3707 Madison Ave., Kansas City, Missouri; 200 Lumber Exchange 
Bidg., Minneapolis 1, Minn.; 510 Standard Oil Bidg., Omaha 2, Nebraska; 2910 W. Clay 
Street, Richmond 21, Va.; $02 West 3rd South, Salt ‘Lake City ‘10, Utah; 204 Slayton St., 
Signal Mountain, Tenn., 424 S. Yale Avenue, Villa Park, Illinois; 7445 Chester Avenue, 
rea Canada; 576 Wall Street, Winnipeg, Manitoba, Canada; Apartado de Correos 
No. 5 , Bogota, | Colombia; Apartado 561, Caracas, Venezuela; P. O. Bc x 531, ag 4 Cuba; 
Marq uinaria, Apartado 2184, San Juan ‘10, Puerto Rico; Bolivar 441-A, Marafi., Lima , Peru, 


30, Oslo, Norway 
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For 350,000 people...security 
for a century or more 


This cast iron pipe transmission main was installed in 
Hartford, Connecticut, to carry water from the filter 
plant to a 10-million-gallon storage reservoir. 

These mains carry the entire water supply of the 
350,000 people who live in the Hartford area. Cast 
iron pipe was selected because of its reputation for 
delivering an uninterrupted flow of water without in- 
curring major repairs. 

Inherent over-all ruggedness coupled with cement 
lining and bottle-tight joints assures these people of 
an efficient water supply for over a century. 

This is the same security attested to by more than 
100 utilities which have been using cast iron pipe 
steadily for 100 years or more. 


IRON PIPE 


THE MARK OF PIPE THAT LASTS OVER 100 YEARS 


CAST IRON PIPE RESEARCH ASSOCIATION 
Thos. F. Wolfe, Managing Director 
3440 Prudential Plaza, Chicago 1, Illinois 
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Wistful thinking must have moti- 
vated the San Diego Water Depart- 
ment to send workmen out recently to 
repair its “No Fishing” sign on the 
bridge over Lake Hodges reservoir 
east of the city. There hasn’t been a 
drop of water in the reservoir for 10 
years or more. In water works, how- 
ever, 10 years from today is now. 


Golden-Anderson Valve Specialty 
Co. has purchased Rotary Valve & 
Engineering Corp., Birmingham, Ala., 
manufacturers of circular rotary valves 
and linear valves for high-pressure and 
high-velocity applications. The name of 
the company has been changed to Ro- 
tary Valve Corp., and it will operate 
as a subsidiary of Golden-Anderson. 
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Daniel J. Saunders, former vice- 
president of The Permutit Co., has 
opened an office as a consultant at 70 
Pine St., New York 5, N.Y. Asso- 
ciated with Permutit since 1920, he 
became manager of industrial and mu- 
nicipal sales in 1936 and vice-president 
in 1946. He served on the AWWA 
board of directors in 1949-52. 


ASTM, which once meant American 
Society for Testing Materials, as of 
Jul. 1 came to mean American Society 
for Testing and Materials, the name 
change emphasizing the organization’s 
interest in materials as well as in test- 
ing them. The importance of this 
phase of the society’s activities was 
pointed up by the establishment last 


HYDRAULIC 
CALCULATOR 


For the determination of 
friction loss, flow, velocity, 
pipe size, “C” value, and 1.85 
h/Q factor. Based on Wil- 
liams and Hazen formula. 
Consists of two circular plastic 
discs and indicator arm. Pipe 
sizes range from 4” to 72”. 
Overall size of calculator is 6”. 
Instruction booklet included. 
For immediate delivery, send 
$6.00 to 

Robert E. Martin 

Consulting Engineer 
5402 Preston Highway 
Louisville 13, Kentucky 


SUPPLIES 


ESTABLISHED 1908 


w DARLEY & 


WRITE TODAY 
For 
100 PAGE CATALOG 


W. S.\DARLEY & CO. Chicago 12 
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How Nalco’ High-Performance Coagulants 


Can Cut Your Water Treatment Costs... 


And Give You Better Water, Too! 


Good Clarification 
Delivers Savings 
Throughout the System 


Only by a realistic, overall analysis 
can you find out what coagulation 
is costing you today. New, high- 
performance Nalco coagulants 
show up the expense and 
inefficiency of older coagulation 
methods. ““Low-cost-per-pound”’ co- 
agulants often prove to have the 
highest cost per thousand gallons 
of clear, sparkling water. 


Savings Begin with 
Chemicals to Fit the Job 
Nalco’s coagulant and coagulant 
aid chemicals are designed to fit 
feeding and water use require- 
ments in both economy and per- 
formance. High-activity sodium 
aluminate coagulants are: No. 2 
Liquid, stable and simple to pro- 
portion and use in liquid feeding 
equipment; and Nalco 614 granu- 
lar, used widely in municipal 
plants. Nalco cationic, anionic and 
non-ionic polymer coagulants and 
coagulant aids are “heavy-duty” 
chemicals, used with Nalco sodium 
aluminates, with alum, or alone to 
fit specific operating requirements. 


Savings Throughout 
the System 

Fast formation of heavy, stable 
floc with Nalco coagulants and co- 
agulant aids is basic in producing 
water that is trouble-free in use. 
System troubles Nalco-treated 
water prevent are: solids carry- 
over; corrosive or unstable water; 
and taste, odor and color carry- 
over. Nalco high-performance co- 
agulants are not bactericides, but 
bacterial content of efficiently 
treated water is much lower be- 
cause Nalco coagulants trap a 
large percentage of organisms in 
the floc formation . . . calling for 
less bactericide treatment. 


Savings in Direct 
Chemical Costs 


Chemical costs can be an impor- 
tant part of overall savings with 


J. T. Burke, Product Manager of Nalco Coag- 
ulant Chemicals Department, is a specialist 
in water clarification . . . One of the Nalco 
experts who have ch d gulation treat- 
ments from g 


‘ork to 


Nalco high-performance coagu- 
lants and coagulant aids. These 
savings are significant in many 
plants. Two municipal plant su- 
perintendents report savings of 
$6,040* and $10,216* per year, re- 
spectively. In softening plants, 
chemical savings are often even 
greater, due to reduction in re- 
quirements for lime and soda ash, 
as well as coagulants. 


“Itemized breakdowns of these savings are 
available on request. 


Savings with Expert Help 
Nalco coagulation experts can cut 
the time and cost of setting up and 
proving out the coagulation chem- 
icals and methods required to treat 
your water right. Nalco skills and 
experience in this field are unex- 
celled—and every Nalco Represen- 
tative’s basic products are water 
treatment results. Call him today, 
or write direct for Process Bulletin 
Al .. packed with facts and figures 
- coagulation in theory and prac- 

ice. 


NALCO CHEMICAL COMPANY 


6216 West 66th Place, Chicago 38, Illinois 


Subsidiaries in England, Italy, Mexico, 
Spain, Venezuela and West Germany 


In Canada— 
Alchem Limited, Burlington, Ontario 
Serving Industry 
® through Practical 
Applied Science 
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PROFESSIONAL SERVICES 


Professional Seruices 


ALBRIGHT & FRIEL, INC. 
Consulting Engineers 
Water, Sewage, Industrial Wastes and Incineration 
Problems 


City Planning, Highways, Bridges and Airports 
Dams, Flood Control, Industrial Buildings 
Investigations, Reports, Appraisals and Rates 


Three Penn Center Plaza Philadelphia 2, Pa. 


BLACK, CROW & 
EIDSNESS, INC. 


Engineers 
Water, sewerage, power, hydrology, recalcina- 
tion, waste treatment, special investigations 
and reports, laboratory services 
700 S. E. Third Street 74 Orchid Square 
Gainesville, Florida Boca Raton, Florida 


ALVORD, BURDICK & 
HOWSON 
Engineers 
Water Works, Water Purification, Flood 
Relief, Sewage Disposal 
Drainage, Appraisais, Power 
Generation 


20!North Wacker Drive Chicago 6 


CLINTON BOGERT ENGINEERS 


Consultants 


Ivan L. Boozart Rosert A. Lincotn 
Cuarites A. Manaanaro Martin 


Water & Sewage Works 

Drainage 

Highways and Bridges 
145 Bast 32nd Street, New York 16, N. Y. 


Incinerators 
Con 


AWWA STANDARDS 


for Water Works Materials 


Compiled, approved and published by 
your Association to meet your needs. 
Send for list of publications. 


2 Park Avenue New York 16, N.Y. 


Bowe, Albertson & Associates 


Engineers 


Water and Sova Works 
Industrial Wastes 
Refuse Disposal 
Valuations 
Laboratory Service 


735 West Street 1000 Farmington Ave. 
New York 6, N.Y. West Hartford 7, Conn. 


AYRES, LEWIS, NORRIS & MAY 


Consulting Engineers 
Louis E. Arres Rosert Norris 
Georce E. Lewis Donatp C. Mary 
Srvart B. MayYnarp Homer J. Harywarp 
Joseru D. CRAIGMILE RAYMOND J. SMIT 


Waterworks, Sewerage, Electric Power 
500 Wolverine Building, Ann Arbor, Michigan 


BROWN AND CALDWELL 
Civil and Chemical Engineers 


Water—Sewage—Industrial Waste 
Consultation— Design—Operation 
Chemical and Bacteriological Laboratories 


66 Mint Street San Francisco 3 


BLACK & VEATCH 


Consulting Engineers 
1500 Meadow Lake Parkway. 
Kansas City 14, Missouri 

Water Supply Purification and Distribution; 
Electric Lighting and Power Generation, 
Transmission and Distribution; Sewerage and 
Sewage Disposal, Gas, Valuations, Special 
Investigations and Reports 


BUCK, SEIFERT AND JOST 
Consulting Engineers 
Water Suprrpty—Sewace Disposar— 
Hypraviic 
Reports, Investigations, Valuations, Rates, 
Design, Construction, Operation, Manage- 
ment, Chemical and Biological Laboratories 


112 BE. 19th Se., New York 3, N. Y. 
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Professional Services 


BURGESS & NIPLE 


Consulting Engineers 
(Established 1908) 


Water Supply, treatment and distribution 
Sewage and industrial wastes disposal 
Investigations, reports, appraisals, rates 
Laboratory Municipal engineering 
Supervision 


Columbus 12, Ohio 


2015 W. Fifth Ave. 


THE CHESTER ENGINEERS 


Water Supply and Purification 
Sewage and Industrial Waste Treatment 
Power Plants—Incineration—Gas Systems 
Valuations—Rates— Management 
Laboratory—City Planning 
601 Suismon Street 
Pittsburgh 12, Penna. 


BURNS & McDONNELL 


Engineers—Architects—Consultants 


4600 E. 63rd St. Trafficway 
Kansas City 41, Missouri 


CLARK, DAILY & DIETZ 


Consulting Engineers 


Sewerage, Waterworks, Street Lighting, 
Highways, Swimming Pools, Surveying and 
Mapping, Land Development Studies, 
Bridges, Buildings, Foundations 


211 N. Race St. 188 Jefferson St. 
Urbana, Illinois Memphis, Tennessee 


JAMES M. CAIRD 
Established 1898 
C. E. Curron, H. A. Bennerr 
Chemist and Bacteriologist 
WATER ANALYSIS 
TESTS OF FILTER PLANTS 


Cannon Bidg. Troy, N. Y. 


CHAS. W. COLE & SON 


Engineers and Architects 


2112 W. Jefferson St. 
Joliet, Illinois 


3600 E. Jefferson Bivd. 
South Bend, Indiana 


CAMP, DRESSER & McKEE 
Consulting Engineers 


Water Works, Water Treatment, 
Sewerage and Wastes Disposal, 
Flood Control 


Investigations, Reports, Design 
Supervision, Research, Development 


18 Tremont St. Boston 8, Mass. 


CONSOER, TOWNSEND 
& ASSOCIATES 
Consulting Engineers 
Sewage treatment, sewers, storm drainage, flood 
control — Water supply and treatment — High- 
way and bridges—Airports— Urban renewal — 
Electric and gas transmisson lines — Rate 
studies, surveys and valuations — Industrial 


and institutional buildings. 
360 East Grand Avenue Chicago 11, Illinois 


CAPITOL ENGINEERING 
CORPORATION 


Consulting Civil Engineers 


Dillsburg, Pennsylvania, U.S.A. 


DAY & ZIMMERMANN, INC. 
Consulting Engineers 
Valuations 
Feasibility Studies & Reports 
Rate Cases & Financial Studies 
Supervisory Consulting Service 


1700 Sansom St. Philadelphia 3, Pa. 


58 PER 


PROFESSIONAL SERVICES 


GIBBS & HILL, INc. 
Consulting Engineers 


Water Supply and Treatment 
Industrial and Municipal Waste Treatment 
Electric Power and Transmission 
Transportation and Communication 


Pennsylvania Station New York 1, New York 


Fay, Spofford & Thorndike, Inc. 
Engineers 

Water Supply and Distribution — Drainage 

Sewerage and Sewage Treatment—Incinerators 

Airports — Bridges — Express Highways 


Investigations Reports Valuations 
Designs Supervision of Construction 


11 Beacon St., Boston 8, Massachusetts 


GREELEY AND HANSEN 


Engineers 


Water Supply, Water Purification 
Sewerage, Sewage Treatment 
Refuse Disposal 


14 BE. Jackson Bivd., Chicago 4 


FINKBEINER, PETTIS & STROUT 
Consulting Engineers 


Water Supply, Water Treatment, 
Sewerage, Sewage Treatment, 
Bridges, Highways & Expressways 


Toledo 2, Ohio 


WILLIAM F. GUYTON 
& ASSOCIATES 
Consulting Ground- Water Hydrologists 
Underground Water Supplies 
Investigations, Reports, Advice 
307 W. 12th Se. 


Austin 1, Texas 
Phone: GR-7-7165 


FROMHERZ ENGINEERS 


Structural—Civil— Municipal 
Four Generations Since 1867 
Water Supply ; Sewerage ; Structures; 
Drainage ; Foundations 
Highways & Streets 
Investigations ; Reports; Plans and 
Specifications ; Supervision 


New Orleans 


HASKINS, SHARP & 
ORDELHEIDE 
Consulting Engineers 


Water—Sewage & Industrial Wastes—- 
Hydraulics 
Reports, Design, Supervision of Construction, 
Appraisals, Valuations, Rate Studies 


1009 Baltimore Avenue Kansas City 5, Mo. 


GANNETT FLEMING 
CORDDRY & CARPENTER, Inc. 


Engineers 


Water Works—Sewe: 
Industrial Wastes—Gar Dis 
Airports—Bridges— ntrol 
Town Planning—A 
Investigations & Reports 


Harrisburg, Pa. Philadelphia, Pa. 
Pietsburgh, Pe. Daytona Beach, Fila. 


HAVENS & EMERSON 


A. A. Burcer 


F. C. Toues, Consultant 
Consulting Engineers 


Water, Sewage, Garbage, Industrial 
Wastes, Valuations— 


New YORK 


Leader 
CLEVELAND 14 


GEOLOGICAL SERVICE 
ASSOCIATES 
Engineering and Ground Water Geology 
Capacity Tests, Investigations, Resistivity 


and Seismic Surveys, Reports, Well and Well 
Field Design, Water Chemistry, and Supervision 


1014 Havey Road CHerry 91492 
Madison 4, Wisconsin 


HAZEN AND SAWYER 
Engineers 
Richard Hazen Alfred W. Sawyer 
H. E. Hudson, Jr. 
Water and Sewage Works 
Industrial Waste Disposal 
Drainage and Flood Control 


360 Lexington Ave. New York 17, N.Y. 
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Professional Seruices 


ANGUS D. HENDERSON 


Consulting Engineers 
Anovus D. HenpeRsON Tuomas J. Casey 


Water Supply and Sanitation 


Westbury, New York 


330 Winthrop St. 
Bayside, New York 


210-07—29th Ave. 


JONES, HENRY & 
WILLIAMS 
Consulting Sanitary Engineers 


Water Works 


Waste Disposal 
2000 West Central Avenue 


Toledo 6, Ohio 


H. G. Holzmacher & Associates 
Consulting Engineers 
H. G. 
R. G. HotzmacueR 8. C. 
Municipal Engineering 
Water Supply & Treatment 
Sewerage & Treatment 
Water Analysis Laboratory 


500 Broad Hollow Road, Melville, New York 
66 W. Marie Street, Hicksville, New York 


W. G. KECK & ASSOCIATES, INC. 
Consultants in Geophysics 
Ground water specialists—serving consulting 
engineers, municipalities, and industry 


Aquifer evaluation—Resistivity surveys 
Seismic surveys—Well logging 
Geological studies 


P.O. BOX 107 ED 7-1420 
EAST LANSING, MICHIGAN 


HORNER & SHIFRIN 


Consulting Engineers 
E. E. Bloss V. C. Lischer 


Airports, Sewerage & Drainage, Hydrology, 

Sewage & Industrial Waste Treatment, 

Water Supply & Treatment, Paving, Struc- 
tures, Industry Engineering Services 


St. Louis 3, Mo. 


1221 Locust Street 


HARRY J. KEELING 
Engi 


Electrical—Mechanical—Corrosion 


Investigations—Reports—Advisory Service 
Mobile radio communication systems; 
Special mechanical design problems ; 
Soil corrosion, Electrolysis, 
Cathodic protection 
of buried or submerged metal surfaces. 


1780 S. Robertson Blvd. Los Angeles 35, Calif 


ROBERT W. HUNT CO. 


Inspection Engineers 
(Established 1883) 
Inspection and Test at Point 
of Origin of Pumps, Tanks, 
Conduit, Pipe and Accessories 
810 S. Clinton St. 
Chicago 7, Ill. 
and Principal Mfg. Centers 


KENNEDY ENGINEERS 


Ricuarp R. Kennepy Ropert M. Kennepy 


Investigation— Design 
Water Supply Water Purification 
Sewage and Waste Treatment 
Water Reclamation 


604 Mission St., San Francisco 5 
Tacoma 


Los Angeles Salt Lake City 


THE JENNINGS-LAWRENCE CO. 
Civil & Municipal Engineers 
Consultants 
Water Supply, Treatment & Distribution 
Sewers & Sewage Treatment 
Reports— Design—Construction 


1392 King Avenue Columbus 12, Ohio 


DEAN S. KINGMAN 


Consulting Engineer 


Water Works 
Sewerage & Treatment 


1907 University Avenue 
Palo Alto, California 
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PROFESSIONAL SERVICES 


Professional Serices 


KIRKHAM, MICHAEL & ASSOCIATES 


Complete Municipal & Industrial Services: Investi- 
gations, Reports, Design, Supervision of 
Construction, ion 
WATER—SEWAGE & WASTES—STREETS 
AIRPORTS—BRIDGES & STRUCTU RES 


North 


METCALF & EDDY 


Engineers 


Investigations - Reports 
Planning - Siting - Design 
Supervision of Construction & Operation 
Valuations - Rates - Research - Management 


1300 Statler Building, Boston, Massachusetts 


MORRIS KNOWLES INC. 
Engineers 


Water Supply and Purification, 

Sewerage and Sewage Disposal, 

Industrial Wastes, Valuations, 
Laboratory, City Planning 


Park Building Pittsburgh 22, Pa. 


JAMES M. MONTGOMERY 
Consulting Engineers, Inc. 

Water Supply—Water Purification 
Sewerage—Sewage and Waste Treatment 
Flood Control— Drainage 
Valuations— Rates 
Investigations— Design—Operation 
535 E. Walnut St. Pasadena, Calif. 


KOEBIG & KOEBIG 
Consulting Engineers Since 1910 


Investigations, Reports, Designs 
Water Supply & Water Treatment 
Sewerage & Sewage Treatment 
Municipal Engineering 


3242 W. Eighth St. Los Angeles 5, Calif. 


Nussbaumer, Clarke & Velzy, Inc. 

Consulting Engineers 

Sewage Treatment—Water Supply 
Incineration— Drainage 

Industrial Waste Treatment 
Appraisals 
327 Franklin St., Buffalo, N. Y. 
500 Fifth Ave., New York 36, N. Y. 


LEGGETTE, BRASHEARS 
& GRAHAM 
Consulting Ground Water Geologists 
Salt Water Problems 
Investigations 
Reports 
New York 17, N. Y. 


Water Supply 
Dewatering 
Recharging 


551 Fifth Avenue 


PARSONS, BRINCKERHOFF, 
QUADE & DOUGLAS 
Civil and Sanitary Engineers 


Water, Sewage, Drainage and 
Industrial Waste Problems. 


Structures — Power — Transportation 
165 Broadway New York 6, N.Y. 


ARTHUR T. LUCE 


Consulting Engineer 


Water Works—Sewerage 
Investigations, Reports, Plans and 
Specifications, Appraisals, Rate Studies, 
Supervisory Consulting Service 


306 Plainfield Road Metuchen, N.J. 


MALCOLM PIRNIE ENGINEERS 


Matcotm Piante A. ARENANDER 
Warrtock Prante, Jr. 
Ropert D. Atrrep C. Leonarp 


MonicrpaL AND INDUSTRIAL 
Water Supply— Water Treatment 
Sewage and Waste Treatment 

Rates— Refuse Disposal 


25 W. 43rd Se. 3013 Horatio St. 
New York 36, N.Y. Tampa 9, Fla. 
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Engineers 


Water Waste Surveys 
Trunk Main Surveys 


Hydraulic Investigations 
50 Church Street 


THE PITOMETER 
ASSOCIATES, INC. 


Water Distribution Studies 
Water Measurement & Special 


New York 


RIPPLE & HOWE, INC. 
Consulting Engineers 
V. A. Vaseen B. V. Howe 
Appraisals— Reports 
Design—Supervision 
Water Works Systems, Filtration and Softening 
Plants, Reservoirs, and Dams, Sanitary and 
Storm Sewers, Sewage Treatment Plants, 
use Disposal, Airports 
2747 Zuni St., Denver 11, Colo. 


Professional Cards in 


Reserve your space now 


2 Park Avenue 


the 


JOURNAL AWWA 


A must for water supply consultants 


New York 16, N.Y. 


ROBERT Rs COMPANY 
ASSOCTATES 
ATLANTA 


Power Plants « Water Sewage Plants 
Airports « Industrial Plants« Investigations 
Docks and Terminal Facilities + Reports 


Consulting Engineer 


rts; Design; Supervisio’ 
truction & Operation 


Analytical Laboratories 
36 De Grasse St. 


LEE T. PURCELL 


Water Supply & Purification; Sewerage & Sew- 
on Spe Industrial Wastes ; Investi 


tions 


Paterson 1, N. J. 


RUSSELL & AXON 
Consulting Engineers 


Civil—Sanitary—Structural 
Industrial—Electrical 
Rate Investigations 


408 Olive St., St. Louis 2, Mo. 
Municipal Airport, Daytona Beach, Fla. 


Engineers and Architects 


Investi he Reports, 


RADER AND ASSOCIATES 


Water Supply, Ly eg and Distribution 
Sewe wage Treatment 
8 Co ad 
jupervision 0! nstruction an tions 
Aerial Photography, Photogrammetry 
The First National Bank Building, Miami 32, 


1025 Connecticut Ave. N. W. 
Washington 6 


SERVIS, VAN DOREN & HAZARD 


Engineers—Architects 


InvesticaTions - Desian - SuPERVISION OF 
ConsTRUCTION - APPRAISALS 
Streets - Expressways - High- 

Bridges - Foundations - Airports - Flood 
Control - Drainage - Aerial Surveys - Site Plan- 
ning - Urban Subdivisions - Industrial Facilities 

Electrical - Mechanical 


2910 Topeka Bivd. Topeka, Kansas 


& ASSOCIATES 


ndustrial Waste Treatment, 
Laboratories for ber and Bac 


369 B. 149th Se. 
MOrt Haven 5-2424 


THOMAS M, RIDDICK 


Consulting Engineers and Chemists 


a and Industrial Water Puri 
> Plant Supervision, 


55, N.Y. 


J. E. SIRRINE COMPANY 
Layincers 
Since 1902 


GREENVILLE, SOUTH CAROLINA 
Design, Reports, Consultations 
Water Supply and Treatment 
Sewage and Industria] Waste Treatment 
Stream Pollution Surveys 
Chemical and Bacteriological Analyses 


* 
/ 
a American Water Works Association, Inc. 
¥ 
tion, 
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PROFESSIONAL SERVICES 


SMITH AND GILLESPIE 
Consulting Engineers 


MUNICIPAL UTILITIES 
AND PUBLIC WORKS 


Complete Engineering Services 
JACKSONVILLE, FLORIDA 


R. KENNETH WEEKS 


ENGINEERS 
Designers Consultants 


Water Supply and Purification 
Sewerage and Sewage Treatment 
Investigations and Reports 
Supervision of Construction 


Streets and Highways 
6165 E. Sewells Point Road, Norfolk 13, Va. 


STANLEY ENGINEERING 
COMPANY 
Consulting Engineers 
Hershey Building 208 S. LaSalle St. 
Muscatine, Ia. Chicago 4, Ill. 


Hanna Building 
Cleveland 15, Ohio 


ROY F. WESTON, INC. 
Engineers—Biologists—Chemists 


Water—Sewage—Industrial Wastes—-Refuse 
Stream pollution— Air pollution—Industrial 
Hygiene 
Surveys —Research— Development— Process 
Engineering — Plans and Specifications— 
Operation Supervision— Analyses— 
Evaluations and Reports 


Newtown Square, Pa. 


ALDEN E. STILSON & ASSOCIATES 
(Limited) 
Consulting Engineers 
Water Supply—Sewerage— Waste Disposal 
Bridges— Highways—lIndustrial Buildings 
Studies—Surveys— Reports 


245 N. High Sc. 75 Public Square 
Columbus, Ohio Cleveland 13, Ohio 


WESTON & SAMPSON 
Consulting Engineers 


Water Supply and Purification; Sewerage, 
Sewage and Industrial Wastes Treatment. 
Reports, Designs, Supervision of Construction 
and Operation; Valuations. 
Chemical and Bacteriological Analyses 


14 Beacon Street Boston 8, Mass. 


WARD AND MOORE 


Consulting Engineers 
Civil, Municipal, Structural, Land Planning 


Water Supply, Sewage Disposal, Drainage, Streets, 
Parks, Subdivisions, Buildings and Structures 


Investigations, Reports, Design, 
Supervision of Construction 


P.O. Box 178, Corning, N.Y. 


WHITMAN & HOWARD 


Engineers 
(Est. 1869) 


Investigations, Designs, Estimates, 
Reports, Supervision, Valuations, 
etc., in all Water Works and Sewerage 
Problems 


89 Broad St. Boston, Mass. 


WATER SERVICE 
LABORATORIES, INC. 


Specialists in Water Treatment 
Consulting and Technical Services 


Main Office: 615 W. 131 Se., N. Y. 27, N. Y. 
Offices also im: Phila., Wash., & Richmond 


WHITMAN, REQUARDT 
& ASSOCIATES 


Engineers Consultants 


Civil—Sanitary—Structural 
Mechanical—Electrical 
Reports, Plans 
Supervision, Appraisals 


1304 St. Paul St. Baltimore 2, Md. 


J. STEPHEN WATKINS 


J. 8. Watkins G. R. Watkins 
Consulting Engineers 

Municipal and Industrial Engineering, Water 

Supply and Purification, Sewerage and Sewage 

Treatment, Highways and Structures, Reports, 

Investigations and Rate Structures. 

446 East High Street Lexington, Kentucky 

Offices 


2617 Dixie Highway, Louisville 16, Kentucky 
107 Hale Charleston, W. Va. 


WILSEY, HAM & BLAIR 
Engineers and Planners 


Investigation and Design 
Water Supply, Treatment and Distribution 
Utilities Rate and Valuation Studies 
Sewage Treatment and Disposal 
Airports, Municipal Works and City Planning 


111 Rollins Road 800 W. Colorado Blvd. 
Millbrae, California Los Angeles 41, Calif. 


Vol. 53, No.9 


| 
bes 
i 
} 
H 
3 
+ 


Sep. 1961 JOURNAL AWWA 


WILLIAM KERIVAN, Chief Filter Plant Operator, 
Billerica (Mass.) Water Treatment Plant, says: 


“Our porous underdrains 
give completely 
trouble-free service. ..” 


The Billerica Water Treatment Plant checks backwashing of Billerica’s #1 filter 
serves 26 square miles, supplying 1.0 
MGD from the Concord River. Beds for 
Billerica’s four filters are 30” of sand and 
18” of anthracite, with ALOXITE® alumi- 
num oxide porous bottoms. Average load 
is 1.5 MGD and 2.0 MGD during peak 
periods. 
“What we like most about the ALOXITE 
plates,” says Mr. Kerivan, “is that we have 
none of the problems of graded gravel. 
For example, the large photo, taken dur- 
ing backwashing, clearly shows no blow 
holes such as you run into with an upset 
gravel bed. Scum is removed easily and 
uniformly. As for mudballs, they're just a 
name to us—we don’t have them. 
“The porous plates have had no repairs 
since they were installed four years ago. 
Their only maintenance consists of acid 
cleaning once a year. Judged from our 
experience, these bottoms have no short- 
comings.” 


For trouble-free porous media, count on... 


CARBORUNDUM 


Dept. 0-91, Refractories Division, Perth Amboy, N. J. 


or 

PER 63 

He 
| 
te 
Se 
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Key: In the reference to the publication in which the 
abstracted article appears, 39:473 (May ’°47) indicates 
volume 39, page 473, issue dated May 1947. If the pub- 
lication is paged by the issue, 39:5:1 (May °47) indicates volume 39, number 5, page 1, issue 
dated May 1947. Abbreviations following an abstract indicate that it was taken, by permis- 
sion, from one of the following periodicals: BH—Bulletin of Hygiene (Great Britain) ; CA 
—Chemical Abstracts; Corr—Corrosion; IM—lInstitute of Metals (Great Britain) ; NSA— 
Nuclear Science Abstracts; PHEA—Public Health Engineering Abstracts; SIW—Sewage 
and Industrial Wastes; WPA—Water Pollution Abstracts (Great Britain). 


BACTERIOLOGY 


Denitrification in Water and Soils of Lake 
Sevan. M. E. Gamparyan. Mikrobiol. 
Sbornik, Akad. Nauk Armyan. S.S.R., No. 
9, 259 (’58). The microbiol. studies which 
were made at the Sevan Hydrobiological 
Station were devoted to detg. the species 
compn. and the quant. development of deni- 
trifiers. The qual. compn. consists of the 
following species: Pseudomonas ueruginosa 
and P. denitrificans. The quantity of the 
bacteria in the water of Lake Sevan attains 
up to 100 cells/ml and, in the bottom de- 
posits, up to 10,000 cells/g of wet deposit. 
The no. is greatest in the spring and fall. 
The biochem. processes of reducing the min- 
eral N in the water and in the deposits of 
Lake Sevan are observed in the spring and 
in the fall during the period when the accu- 
mulation of denitrification bacteria, of readily 
assimilated org. substances, and of nitrates 
takes place and when there is a min. in the 
conen. of free, dissolved O. This accounts 
for the low concn. and the absence of min- 
eral N in the water of the lake—CA 


Production of Antibacterial Substances by 
Benthic Tropical Marine Algae. M. B. 
ALLEN & E. Y. Dawson. J. Bacteriol., 79: 
459 (’60). Recent studies have shown that 
planktonic marine algae may produce anti- 
biotic substances, which would acct. for the 
bactericidal activity of sea water. Investiga- 
tions were, therefore, carried out on a num- 
ber of benthic tropical marine algae collected 
along the west coast of Central America and 
Mexico during March and April 1959. The 
algae were collected and immediately frozen, 
before transport to the lab. After thawing, 
the algae were placed in cups on nutrient 
agar plates that had been inoculated with 
representative bacteria, and inhibitory zones 
developed. The antibact. substances were 
extracted with methyl alcohol and water; 
the methanol was evapd. and the resulting 


(Continued on page 66 P&R) 


aqueous solutions were tested for bactericidal 
activity. Results are presented in a table 
and show that there is a wide distribution of 
materials which inhibit the growth of Gram- 
positive bacteria, whereas Gram-negative bac- 
teria, such as coliform organisms, are un- 
affected. The results also indicate that there 
are at least 4 different bactericidal sub- 
stances in the algae studied. Studies on the 
concen. and purification of the inhibitory ma- 
terials are being continued—WPA 


Study of a Population of Sulfur-Reducing 
Bacteria. R. DesrocHers & V. FREDETTE. 
Can. J. Microbiol., 6:349 (60). In addn. 
to detg. the pop. of S-reducing bacteria in 
a section of the Ottawa River, detns. of 
BOD and dissolved O were made. The ef- 
fect of addn. of sulfite-waste liquor to the 
river and the amt. of H2S produced were 
also studied. Bact. counts reached 1 X 10°/ml 
when the BOD was 220 and the dissolved 
O nil—CA 


Waterborne Outbreaks of Tularemia in 
Moscow Oblast. M. I. Tsareva. J. 
Microbiol., Epidemiol. & Immunobiol., 30:34 
(59). Until comparatively recent years, 
there have been few references in the litera- 
ture to waterborne outbreaks of tularemia 
although it has been indicated that Norwe- 
gian “lemming fever,” a disease thought to 
be related to tularemia, was due to the 
consumption of drinking water pold. with the 
excreta and bodies of the lemming. Since 
World War II, there have been several 
outbreaks of tularemia in the Moscow area 
which have been traced to the drinking of 
well water pold. by domestic rodents infected 
with tularemia. The contamn. of such still 
waters has resulted in heavy infections among 
those at risk. Moving stream water may be 
similarly contamnd., but usually the concn. 
of Brucella tularensis in these waters is sig- 
nificantly lighter, and resulting infections in 
man are less serious. Several of the out- 
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HARD ENOUGH 


The real secret to stopping leaks with CIP Bell-Joint Clamps 


PIPE SPIGOT 


Style 60's complete adjustability fits both standard 

and pre-standard pipe perfectly. Your Dresser Distrib- 

utcr can also recommend methods of using Style 60 
on odd bi of pipe. 


in all sizes, from 3° to 60°, gasket sealing surfaces 
are at least twice the caulking space to allow for de- 
tected and off-center joints. 


Uniform gasket pressure, all around the bell face, is the key to successfully 
clamping bell joints. The rough face of the caulking is impossible to pack 
properly with a hard gasket. Yet, a soft gasket tends to flow and lose bolt 
torque in a matter of days. Only Dresser® Style 60 Bell Joint Clamps have 
specially compounded gaskets to give ‘‘just right’ hardness...low permanent 
set...and aging resistance. @ Your Dresser Distributor is anxious to give you 
the full story on the Style 


60 as well as Dresser’s 

complete line of pipe cou- A 
pling and repair products. oo INC. 
Call him today. Or write w OlL © GAS 
Dresser Manufacturing DRES CHEMICAL 


ELECTRONIC 
Division, 65 Fisher Avenue, SER INDUSTRIAL 


MANUFACTURING DIVISION 
Bradford, Pennsylvania. SRADFORD, PENNSYLVANIA 


€ 
' 
BELL 
RING 
2 


SUPER DeLAVAUD 
APCO CAST IRON PIPE 


Centrifugally cast APCO Cast Iron 
pipe is made to last 100 years or 
longer. It’s cheaper by far in final 
costs than any non-ferrous pipe 
your city can buy. 


With the fast assembly ALTITE® 
JOINT, it’s easy, simple and in- 
expensive to install. 

Available from adequate stocks 
in sizes 3” through 24” in modern 
long lengths, ALTITE, bell-and- 
spigot, and mechanical joint. 


Write for your copy of 
Cataiog No. 54 


ALABAMA PIPE CO. 


A DIVISION OF WOODWARD IRON’ COMPANY 


Phone AD 6-7601, ANNISTON, ALABAMA 


CHICAGO: 122 S. Michigan Avenue 

NEW YORK: 350 Fifth Avenue 

KANSAS CITY: Suite 950, 1006 Grand Ave. 
DETROIT: 18505 W. Eight Mile Road 
SOUTH GATE, Calif: 5335 Southern Ave. 
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breaks have been fully investigated; Br. 
tularensis has been isolated from the dead 
rodents in the water and also from the water 
itself. In the opinion of the author, mass 
vaccination of the pop. at risk offers a very 
high degree of protection and is probably 
the most satisfactory method of dealing with 
the problem. The live tularemia vaccine is 
widely used in the USSR. In spite of the 
fact that the virulence of Br. tularensis iso- 
lated in the USSR is much lower than the 


| strains isolated in the US, the infectivity of 


the strains seems to be of a high order.—BH 


Bactericidal Effect of Chlorine in Sea 
Water and Fresh Water. N. N. ALFimov 
& P. N. Yacovor. Gigiena i Sanit. (Mos- 
cow), 25:85 (’60). Cl is even more effective 
in disinfecting sea water than fresh water. 
—CA 


A Study of Coliform Densities and 
Escherichia coli Serotypes in Two Mountain 
Streams. N. J. Perersen & J. R. Borne. 
Am. J. Hyg., 71:134 (60). According to 
the authors, “it is not uncommon for small 
communities in the Rocky Mountain area to 
use untreated water from small, semi-isolated 
mountain streams as a public water supply.” 
As these waters often give positive coliform 
tests, a study was made of 2 of these streams. 
A detailed report is made of the adopted 
methods of survey, sampling, and bacterio- 
logic investigation. Two figures give dia- 
grams of the areas studied. Tables with 
description set out the coliform densities and 
the Esch. coli types found at the various 
sampling points in the 2 areas. It is stated 
in the discussion that the magnitude of the 
study “was considerably less than desirable” 
but that its results may be of use to other 
studies. Points in the summary are: “Drain- 
age from flood irrigation and the presence of 
cattle in a stream were found to affect the 
otherwise uniform coliform densities. The 
frequent occurrence of the same sero-types 
at various stations on the same day and on 
various days at the same station adds knowl- 
edge to the questions concerning source and 
survival of coliform organisms.”—BH 


Bactericidal Action of Various Forms of 
Residual Chlorine in Water. P. N. Yaco- 


vor. Gigiena i Sanit. (Moscow), 26:103 
(61). Free Cl is 100 times more effective 
than chloramine Cl in killing bacteria. 


(Continued on page 70 P&R) 
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PHOTOVOLT 
Meter Miod.115 


e FAST AND DEPENDABLE IN. SERVICE 


_ Write for Bulletin #225, also for literature on other =—— 
Line-Operated and Battery-Operated Photovolt pH Meters — 


1115 BROADWAY 0/) NEW YORK 10, N. Y. 
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22 MILES OF “K&M” ASBESTOS-CEMEN 


dependable water service for 


One of Southern California’s largest home developments, Eastgate, assures low-cost, 
efficient water service for 2250 homeowners with ““K&M” Asbestos-Cement Pressure Pipe. 


Modern cities like Eastgate spring full-grown from sure Pipe. This rugged pipe was the builder’s 
the earth—complete with homes, schools, shop- choice for its freedom from maintenance and for 
ping center and even a hospital. To make such a its durability. He knows today’s particular home 
city a reality calls for modern methods and modern buyers demand materials that function without 
materials, such as “K&M” Asbestos-Cement Pres- failure for years and years. 


SSS 
is 


JOURNAL AWWA 
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RESSURE PIPE ASSURE 


panking new city of 10,000! 


“THE ‘K&M’ FLUID-TITE® COUPLING 
HELPED US LAY MORE PIPE PER 
HOUR!” “‘We had no trouble 
keeping up with the builder’s 
tight schedule with ‘K&M’ As- 

: bestos-Cement Pressure Pipe 
Robert Kennedy, and the ‘K&M’ FLUID-TITE 


President, 
Kennedy Pipe & Coupling. All we had to do 


Supply Company, 

Paramount, Calif. was lubricate the pipe end, 
and slide it into the coupling. This gave usa 
joint tight under all operating conditions. 
We didn’t need any heavy machinery or 
coupling pullers. ‘K&M’ Pipe was lightweight 
and easy to handle, which permitted us 
to work smoothly. It reduced our installa- 


tion time and costs considerably.” 


After it’s in the ground, “K&M” Asbestos- ie 

‘ ‘ The light weight of “K&M”@® Asbestos- 
Cement Pressure Pipe is practically inde- Cement Pressure Pipe permits you to lay 
structible. It won’t tuberculate. This assures most sizes by hand... and reduces 

shipping costs. 

the taxpayer of the same water flow and 
pressure years later, that he had when his 
home was new. Pumping costs remain low. 
Joints stay watertight. In addition, this pipe 
resists corrosion, and is immune to 
electrolysis. 


For more information write to: Keasbey 
& Mattison Co., Ambler, Pa., Dept. P-1091. 


allison. 

Assembling the exclusive, patented 

at mn “K&M” FLUID-TITE® Coupling and Pipe 
takes but an instant. 
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NH.CI is somewhat more effective than 


A Comparative Study of Media for De- 
tection of Enterococci in Water. C. C. 
Crort. Am. J. Public Health, 49:1379 (59). 
Under the sponsorship of the Standard Meth- 
ods Committee of the Am. Public Health 
Assn., 8 labs. participated in an evaluation 
of media for the recovery of enterococci in 
water. The media studied were Rothe’s azide 
dextrose broth (AD), Hajna’s buffered azide 
glycerol glucose broth (BAGG), and Slanetz 
and Bartley’s M enterococcus agar. Positive 
results with these media were confirmed by 
use of the ethyl violet azide dextrose broth 
developed by Litsky, Mallmann, and Fifield. 
Parallel studies on coliforms were also made. 
A total of 185 samples were analyzed with 
the following conclusions: (1) AD broth and 
M enterococcus agar gave roughly the same 
results, BAGG broth gave significantly lower 
enterococcus counts; (2) median ratios of 
enterococci to coliforms were calcd. for flow- 
ing water, impounded water, wells, and sew- 


age. The ratios were, respectively, 5:1, 4:1, 
2.5:1, and 10:1; and (3) enterococcus detns. 
in water should provide valuable supple- 
mentary data concerning poln—PHEA 


Microbiological Processes of Hydrogen 
Sulfide Formation in Lake Solenoe. I. M. 
V. Ivanov & L. S. Tereskova. Mikrobio- 
logiya (Moscow), 28:251 (59). Formation 
of HS in Lake Solenoe occurs mainly in 
bottom muds, and rate decreases with depth 
in the mud layer. Production is slow in lit- 
toral muds; at water depths to 5 m the rate 
approx. doubles, reaching (in winter) 1-1.4 
mg/l HS of bottom mud per day. Putre- 
factive bacteria have little or no share in 
H.S formation; sulfate reducers are respon- 
sible, with cell counts up to 10,000/liter of 
raw mud and production (in mg/I/day) 
about 3 in deep water, and commonly about 
5 in shallow water. The observed peak is 
19 mg H.S.—CA 


Observations on the Microbial Flora of 
the Thermal Waters of Viterbo With Re- 


(Continued on page 72 P&R) 


CHEMICAL COMPANY 
100 Church Street, New York 7, N. Y. 
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or Public Water Fluoridation eS 
Sodium Silicofluoride - 99% 
(Powder or Granular) 
White or tinted blue + Dry and free-flowing 
Minimum of storage space + Available in bags and drums, 
He Minimum of dust in handling a 
THE AMERICAN AGRICULTURAL 
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Bronze Weather Cap 
—Keeps water away from 
operating nut; prevents 
tampering. 


Oil Reservoir—<Auto- 
matically lubricates stem 
threads, bearing surfaces. 


IMPROVED 
FIRE “O”" Ring Seals— 
HYDRANTS Threads and bearing sur- 


faces are sealed from wa- 
ter by permanent, water- 
tight, adjustment-free 
seals. 


Safety Stem Coupling 
— Breaks apart without 
bending the stem. Re- 
paired in minutes without 
digging and with no loss 
of water. 


(i 


Safety Flange—Sepa- 
rates cleanly on impact. 
Prevents damage to bar- 
rel. Restored without shut- 
ting off water. 


Compression-type 
Main Velve—Closed by 


WEATHERPROOF water pressure. Of spe- 
TAMPERPROOF 
MAINTENANCE-FREE! repairs without ‘shutting 


off water. 


Once set, you can for- 
get about a Mueller 
Improved Hydrant — 
the Mueller Hydrant is 
always ready for action. 


——~ Bronze Seat Ring— 
Straight threads, with 
copper-asbestos gasket, 
permits easy removal. 


Double Drain Valves— 
Empty barrel completely. 
Flushed with use. 


Write for information 
and specifications. 


4 P&ER 71 
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| toe 4 
| 
4 
wae MUELLER Co. 
Factories at: Decatur, Chattanooga, los 
In Canada: Mueller, Limited, Sornia, 
06371 Ontario 
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spect to Sulfobacteria. S. Atperti; A. 
Tonoto; G. D. R.C. Ist. sup 
Sanit. (Italian), 22:1018 (’59). Investiga- 
tions on the microbial flora of the sulfur 
waters of Viterbo, Italy, have so far led to 
the identification of a strain of Rhodopseudo- 
monas palustris. The morphologic and phys- 
iologic characteristics of this bacterium are 
considered.—W PA 


Bacteriostasis by Silver and Copper in 
Pool Water. O. IsH1zAKA ET AL. Nagoya 
Shiritsu Daigaku Yakugakubu Kiyo (Japan), 
8:22 (60). Ag, Cu, and their compds. were 
studied for their oligodynamic action in pool 
water. The bacteriostatic effect is caused 
neither by the metal nor metallic ions brt 
by their higher order oxides. Cupric oxide 
is excessively bacteriostatic when used alone, 
but it decomps. easily on chlorination in the 
pool water—CA 


Investigation of the Antagonism Between 
E. coli and E. freundii in the Bacteriologi- 


cal Examination of Drinking Water. H. 
Hass & U. Lanceton. Arch. Hyg. u. 
Backteriol. (Munich), 144 :277 (’60). Strains 
of Esch. coli and E. freundii were inoculated 
simultaneously into a glucose medium. In- 
cubation at 37°C resulted usually in a pre- 
ponderance of E. coli, even when these or- 
ganisms had been in the minority in the 
original inoculum. The antagonistic activity 
depended on the strength of the strain, thus 
the weakest of the FE. coli strains examd. 
was overgrown by the most active of the 
E. freundu strains. These findings are dis- 
cussed, and the authors conclude that it is 
unlikely that a universal enrichment method 
will be found which will fulfill the require- 
ment of being selective for E. coli when these 
are sparsely present among other coliform 
bacteria and at the same time allow a good 
growth of coliforms when E. coli is absent. 
It is therefore considered important in the 
examn. of samples of drinking water to set 
up 2 batches of sugar cultures and to incu- 
bate one at 45°C and the other at 37°C.—BH 
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Spherical 


SHOCK 


TRAP® for 


WATER LINES 


Eliminate water hammer 
and 


Save and plant costs 
PATENTS PENDING piping plant 


PULSCO* 


ed primarily for shut-down or shut-off 
application, this unit is used in pumping 
plants, irrigation systems, pee control on 
rocket test stands, municipal water systems, 
etc. Of the water interface type, the Pulsco 
swirl principle reduces pressure and reduces 
shock and surge resulting from kinetic energy 
within the and by friction 
wit the cham and by 
the ber. 
Guaranteed not to , this Pulsco Spherical 
Shock he is built of pressures to 200 _— 
and wu Sizes from 34 to 102 inches diam 


om FOR BULLETINS AND 
APPLICATION DATA SHEET 


Representatives in all principd cities 
PULSATION CONTROLS 
CORPORATION 
P. 0. Bex 169, Santa Paula, Calif. 
Phone JAckson 5-6641 


The complete text of “A Sur- 
vey of Operating Data for 
Water Works in 1955” with 
Seidel & Baumann’s statisti- 
cal analysis; combined with 
Porges’ summary of the 1955 
USPHS survey of treatment 
facilities in one handy paper- 
bound book. Journal Re- 
print R722; $1.25. 


American Water Works Assn. 
Park Ave., New York 16, N. Y. 
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Do you know this city? a 


Chicago ...capital of the industrial midwest. 
This vast metropolis depends on De Laval 
centrifugal pumps to help maintain its high 
standards of public service. De Laval equipment 
has been on the job in Chicago for nearly 50 
years...a remarkable record of dependability. 
Today, in fact, the great majority of American 
cities use De Laval centrifugal pumps. Their 
design and manufacture are the result of more 
than 57 years of experience. Units ranging 

_up to 100 million gallons per day are available 
to meet all water works requirements. 


Write for your copies of DeLaval Bulletins 1004 and 1005 giving data on these pumps 


DE LAVAL STEAM TURBINE COMPANY 
Nottingham Way, Trenton 2, New Jersey 


OL4I4a 


a maintain vital water r equir ements of... 
A 
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TREATMENT—GENERAL 


An Indirect Process for Ozone Treatment 
of Water and Its Apparatus and Physical- 
Chemical Principles. G. Axt. Vom Was- 
ser, 25:93 (’58). The reaction of ozone 
with water and the difficulties in its use for 
the treatment of water are described. Meth- 
ods adopted to overcome the 3 main difficul- 
ties—lack of stability, slight solubility in 
water, and the necessary presence of other 
gases—are discussed. The advantages of 
oxygen over air in prepn. of ozone are con- 
siderable, and the author describes a closed 
system for producing a concd. soln. of ozone 
in part of the water to be treated and re- 
turning this to the main flow without loss 
of ozone. In dissolving the ozone in the 
water, a countercurrent absorption column 
has the advantages over simple mixing in 
that a higher ozone concn. in the water can 
be obtained and that more ozone and less 
oxygen is dissolved in the water. The prin- 
ciples and costs of the process are discussed, 


and a description, with diagrams, is given 
of the various parts of the plant required for 
the process of indirect treatment—WPA 


Ozonation of the Lake Constance Water 
Supply for the City of St. Gall (Switz.). 
E. Hormann. Eau, 45:119 (’58). Raw 
water in the winter contained an avg of 
5-20 y/l phenol, with a max. of 80 y/1. 
Tests showed that 25 y/l were sufficient to 
produce a chlorphenol taste and odor after 
chlorination. Ammoniation, in addn. to chlo- 
rination, did not solve the problem. Tests 
established that 1 g/cum Os was necessary, 
after rapid filtration, to yield an effluent of 
satisfactory bact. qual—CA 


The Problem of the Use of Chlorine Di- 
oxide in the Treatment of Water Supplies 
and Waste Waters. W. MISNIAKIEVICZz. 
Chem. Zentr. (Berlin), 129:8157 (’58). 
Chlorine dioxide is suitable for the treat- 
ment of water containing phenol. If the 


(Continued on page 76 P&R) 


WITH OZARK-MAHONING 
SUBMERGED COMBUSTION UNITS 
e EFFICIENT e ECONOMICAL 
e NO CORROSION - SCALE TROUBLES 


OZARK-MAHONING under- 

water burner recarbonators Cer 
— = 


have been in active service 
for over twenty-five years 
generating CO; in the water 
at the point of use. A dif- 
fuser is integral with the 
burner so expensive diffuser 
grids are not necessary. Scal- 
ing and corrosion problems 
are virtually eliminated. It 
is not necessary to drain the 
recarbonation basin for the 
very infrequent servicing 
which may be needed. Brick- 
lined fireboxes and handling 
of corrosive gases are elimi- 
nated. Efficiency remains high 
through long life. For more 
information write for bulletin. 


OZARK-MAHONING CO. 


310 W. SIXTH ST. ee TULSA, OKLAHOMA 


AE 
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Dampnes 


AMERICAN 
. CONCRETE 
CYLINDER PIPE 


In the world of dampness and corrosion the most 
reliable material for permanent water supply and 
transmission lines is ageless concrete, working to- 
gether with steel in a properly engineered composite 
structure. Concrete grows stronger with age, effec- 
tively resists soil stresses, and protects steel from 
electrolytic action and corrosion. American Concrete 


AMERICAN 


PIPE AND CONSTRUCTION Co. 


Cylinder Pipe is designed to obtain maximum ad- 
vantage of the strength of steel and the protective 
characteristics and permanence of concrete. Properly 
installed, an American Concrete Cylinder Pipeline 
will retain its high flow capacity indefinitely with- 
out maintenance. Investigate the immediate and 
long-term economies of this superior quality pipe. 


American Pipe and Construction Co. - Los Angeles - San Diego + Hayward + Portiand 
Bogota. Colombia © American Concrete Pipe Co. (subsidiary) - Phoenix » Albuquerque 


Write P.O. Box 3428, Terminal Annex. Los Angeles 54, California 


A MEMBER OF THE AMERICAN CONCRETE PRESSURE PIPE ASSOCIATION 


and /OTTOSION| 
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concn. of phenol is greater than 30 mg/I, 
treatment with chlorine dioxide is uneco- 
nomical.—_W PA 


Water Treatment From the Viewpoint of 
the Water Supply of Chemical Factories. 
W. Curist. Chem. Tech. (Berlin), 12 :662 
(60). Increased water requirements in the 
chem. industry have brought about utilization 
of surface waters. Recent advances in treat- 
ment methods are discussed from the stand- 
point of process requirements.—C 4 


The Importance of Laboratory Research 
in Designing Plants for Water Treatment 
by Coagulation. L. Rotrr. Hidrotehnica 
(Bucharest), 5:316 (’60). Some basic prin- 
ciples are given for tests (optimum pH, cor- 
rosivity, and others) necessary for designing 
coagulation installations for potable-water 
plants —CA 


Aeration in Tower-Type Fermenters. D. 
Murruy; D. S. Crarxk; & C. P. Lentz. 
Can. J. Chem. Eng., 37:157 ('59). Using 
the sodium sulfite oxidation method, the 
effects of rate of air flow, partial pressure 
of oxygen, size and porosity of aeration disc, 
height of liquid, and presence of surface- 
active agents on aeration were studied in 2 
unstirred towers or column-type vessels of 
different diameters. The coefficient of oxy- 
gen transfer was found to increase with the 
rate of flow of air up to the “flooding” 
point. The rate of air flow required to cause 
“flooding” was increased by increasing the 
area of the aeration disc relative to the cross- 
sectional area of the tower. Within certain 
limits, aeration was improved by using discs 
of finer porosity. Under most conditions the 
coefficient of oxygen transfer was much 
higher in the small tower. The transfer 
coefficient was not affected by the height of 
the liquid in the tower, but efficiency of 
absorption increased with height. All the 
surface-active agents tested had an adverse 
effect on aeration—WPA 


Automatic Controllers of the Phenol Con- 
tent in Water. V. Fauneicn. Freiberger 
Forschungsh. (Berlin), A170, 105 ('60). 
The advantages and disadvantages of com. 
installations are thoroughly discussed and a 
newly developed analyzer described.—CA 


Treatment of Water With Chlorine Di- 
oxide to Improve Taste. M. ENcer. Gas- 
u. Wasserfach. (Ger.), 101:340 (’60). At 
times the Rhine H:O has a very disagreeable 
moldy-musty taste and odor. This can be 
reduced from a peak taste value of 40 or 
higher to 15-20 by treatment with ClO: at 
the rate of 0.6 mg/l. Addn. of 0.8 mg/I 
ClO, almost completely removes the musty 
taste, but replaces this with a taste of Cl 
or ClOs. About 20% of the org. substance 
is broken down. Apparently ClOz reacts 
with the substances giving the moldy-musty 
taste to form labile compds.; with low ClO: 
dosages this taste reappears at some distance 
from the treatment plant. Under normal 
conditions the residual taste and odor are very 
slight, but with low levels of the Rhine River 
and very high contamination rates (as in 
1959) the H.O is unsatisfactory even after 
treatment.—C A 


Treatment of Water by Storage, Coagu- 
lation, and Decantation. P. BLANCHARD. 
Tech. Sci. Munic., 54:1:9; 54:2:51; 54:3:81; 
54:4:129 (’59). This paper represents the 
French report on the Congres de Bruxelles 
(1958) of the International Association for 
Water Distribution. It is concerned with as 
complete as possible a description of the 
treatment of raw river water by storage, 
coagulation, and decantation without consid- 
ering the related chemical processes. Terms 
are defined, techniques outlined in detail, 
formulas for the several processes are given, 
and a number of types of installations for 
each type of process are described and illus- 
trated—PHEA 


Water Sterilization. J. van Tirsurc. J. 
Sci. Food & Agr., 10:240 (’59). A mix- 
ture of Cl, and Os or O.-containing gas 
(air) is brought into contact at very high 
velocity with the water to be treated, the 
velocity being obtained by compression and 
subsequent expansion of the gas which is 
preferably introduced into the water at a no. 
of points to effect a stagewise purification. 
The purified water is substantially neutral, 
tasteless, odorless, and non-irrit nt. The 
reactions involved are similar to those in 
the “ISO” process, but the separation of the 
Cl. into its isotopes in that process is 
avoided—_PHEA 
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NOT JUST A 


; 


but FULL | — flow 


e UP TO 95% RECOVERY 
e POWER EQUIPMENT 

e EXPERIENCED MEN 

e IRON-CLAD GUARANTEE 


Cut your maintenance costs and add to your pipe capacity 
with N.P.R.C.’s contract service. We guarantee to clean your 
pipes to 95% of their original capacity, and to do the job to 
your complete satisfaction or it costs you nothing. Annoying 
“rusty”. water is also removed by ouir patented cleaning meth- 


ods. Investigate this service . . . send for the free booklet, 
“Power,” which gives the facts on pipe cleaning the modern 
contract way. A —>-., 


\NEW! PIPE INSPECTIONS 
/BY CLOSED-CIRCUIT TV! / 


“Tremendous savihgs 
on pipe repair through 
TV inspection. Avail- 
able for pipes 4” di- 


CALL COLLECT wp. Well 
MOnroe 6-7700 


J 
NATIONAL POWER RODDING CORPORATION 


CHICAGO 12, ILLINOIS 


1000 SOUTH WESTERN AVENUE - 
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ROCKWELL SEALED 


REGISTER’ METERS 


Imitated, but never equalled 


The Rockwell Sealed Register ‘‘“Mag- 
netic” meter is not an adaption of any 
previous design. 

Starting from scratch, Rockwell en- 
gineers could and did develop an all- 
new meter, one that did not com- 
promise any desirable feature. 

2 For instance, they materially re- 
ig duced the number of working parts 
instead of adding more. They made this 


For prompt shipment from warehouse stocks contact 
Rockwell Manufacturing Company, Department 163J, 
Pittsburgh 8, Pennsylvania. In Canada: Rockwell 
Manufacturing Company of Canada, Ltd., Box 420, 
Guelph, Ontario. 


* Trademark 


meter tamper-proof. Greater accuracy 
was engineered into the design. 

From a maintenance standpoint, 
the Rockwell Sealed Register* meter 
is by far the easiest and most economical 
to repair. 


Let our representative prove 
these facts to you or write for 
bulletin W-811. 


SEALED REGISTER’ METERS 


another fine product by G) 


ROCKWELL 


good reasons why you're dollars ahead using 
the only completely new “magnetic” meter 


STRAIGHT LINE MAGNETIC DRIVE 

A simple, powerful magnetic coupling transmits 
every motion of the measuring chamber directly 
to the sealed register in a vertical line. The per- 
manent Alnico magnets are completely sealed. 
Their strength will not deteriorate with time. 


COMPLETELY TAMPER-PROOF 

The sealed register is recessed into the main 
casing. Even if dismantled, the meter won't 
work without the register and the register won't 
turn without the meter. With this meter you'll 
stop tampering—stop losing important revenue. 


ONLY TWO REPAIR PARTS NEEDED 

The piston and piston roller are the only parts 
operating in water. These two parts are all you 
need as compared to the large number re- 
quired to repair other meters. Using only a 
wrench, anyone can replace these parts fast. 


COST NO MORE, EARN MORE, SAVE MORE 
These better ‘‘magnetic’’ meters cost you no 
more to buy and cost you much less to maintain 
than other types of more complicated design. 
Since they have the fewest parts to wear they 
are easiest and most economical to repair. 
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Not long ago, a water plant in the East 
began adding 1 ppm of a new coagu- 
lant aid called “Wisprofloc-20” to its 
settling tanks. 

Today that plant is spending % less 
for coagulant dosage, getting more 
clarified water per day with retention 
time only half what it was before, and 
producing such high quality water that 
filter runs are longer. 

Wisprofloc-20 is a non-toxic, U.S. 

Public Health Department approved, 
coagulant aid for potable water treat- 
ment. It is highly effective over a wide 
PH range, in all types of clarification 
systems. 
You, lonac and... Wisprofloc-20 is just 
one example of the partnership be- 
tween you and Ionac, in water treat- 
ment. It takes only a call or a letter 
from you to put that partnership into 
action on a specific problem. 

For details on Wisprofloc-20, or any 
specific problem you may have on 
water treatment chemicals, write: 
TIonac Chemical Company, Dept. JA-91, 
Birmingham, N.J. (In Canada, con- 
tact Pfaudler Permutit Canada Ltd., 
Toronto.) 


AIONaC 


CHEMICAL COMPANY 
DIVISION OF PFAUDLER PERMUTIT INC. 


PERCOLATION AND RUNOFF 
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year of a Division of Material Sci- 


ences, to promote knowledge of the 


fundamental nature of materials. 

As for AWWA, there are those who 
are looking forward to its becoming the 
American Water and Wastes Associa- 


| tion, but we, of course, cherish the day 
when it will admit to being the Ameri- 


| the pitch of a full-page ad in the Nai- 


_ can Water Words Association. 


| serve as a consultant to the firm. 


Clinton L. Bogert has retired from 
the firm of Clinton Bogert Engineers, 
New York City, but will continue to 


‘Why not adopt an elephant?’ was 


robi, Kenya, Daily Nation last July, 


_ as the drought there reached mammoth 
_ proportions. Actually adoption, on the 


basis suggested by the Kenya National 
Parks, did not involve domiciliary care, 
but only the provision of adequate wa- 
ter supply, at a cost of slightly more 
than $5 per year per adult, and half 
that much per baby, elephant; All of 
which should go to show that the price 
of water per capita or per pachyderm 
is ridiculously low. 


C. C. Randall has retired from his 
position of water superintendent for 
the town of Lincolnton, N.C., after 25 
years of service with the community. 


The Office of Resource Develop- 
ment (Environmental Health) within 


_ the Bureau of State Services was es- 
_ tablished recently, as a step in the re- 


| 


organization of USPHS to provide a 
more coordinated, integrated, and in- 
tensive focus upon the public. health 
problems created by environmental 
hazards. The new office is headed by 
Frank A. Butrico. 


(Continued on page 82 P&R) 
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CONTROLLER 


ACTUATOR 


FACTORY- 
INSTALLED 
PIPING 


FLOW 


INSPECTION COVER 


OUTLET 
ELBOW 


How to control it economically with 
this simple, modern “box on a pipe.” 


This is the Modulair Type “P” rate-of-flow 
controller, for your filter effluent piping. 
You install it almost as easily as a piece 
of pipe, and its design is so utterly simple 
that you have almost no maintenance cost. 
In fact, the minute you put this venturi- 
actuated, fully pneumatic controller to 
work, you get these new savings: 
. No valve operator 
2. No water supply 
. No hydraulic valves 
. No drive gears and linkage 
5. No “spaghetti” of complicated piping 
. No pilot valve or valve shaft 
. No leaky packing gland 
. No floor drain 
. Almost no maintenance 
You save space, too, because the “P 
controller has the shortest laying length of 
any, in addition to being entirely preassem- 
bled, with all working parts enclosed. 
Send for our Bulletin 951, for details on 


space and cost savings of the “P” controller. 
Compare them with your present method 
of flow control. No obligation. 


Note how Modulair ‘“‘P’’ flow controller requires 
very little space in filter effiuent line. 


SIMPLEX 


VALVE AND METER COMPANY 
a division of PFAUDLER PERMUTIT INC, 
Lancaster, Pennsylvania 


INLET 

| 

@ 

SAFE FEATURE 
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R. D. Wood Co. has moved its 
offices from Philadelphia to Florence, 
N.J., as a result of consolidation with 
its former manufacturing company, 
Florence Pipe Foundry & Machine Co. 


Daniel E. Davis, formerly a partner 
of The Chester Engineers, died on Jun. 
25, 1961, at Sewickley, Pa., at the age 
of 75. Born in 1886, at Columbus, 
Ohio, he was graduated from Ohio 
State University in 1908 and received 
his M.S. from the University of Wis- 
consin in 1913. He was an assistant 
engineer for the firm of Chester & 
Fleming, of Pittsburgh, Pa., from 1913 
to 1917, when he left to serve as an 
officer in the Army during World War 
I. He joined The Chester Engineers 
in 1919. 

He was a Life Member of AWWA, 
having joined in 1930. In 1947 he re- 
ceived the Fuller Award. Other pro- 
fessional affiliations included ASCE 
(Life Member) and WPCF. 


Carl F. Mau, former vice-president, 
California Water Service Co., died 
Jul. 13, 1961, in San Jose, Calif., at 
the age of 65. After attending the 
University of California in Berkeley, 
he served in the Army Air Force dur- 
ing World War I, following which he 
began his engineering career in North- 
ern California. Before joining the 
California Water Service Co., he held 


EMPLOYMENT INFORMATION 


(Continued from page 80 P&R) 
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assignments as city engineer for Red- 
ding and Mount Shasta City, Calif., 
and county engineer for Shasta County. 
He was also employed by the Metals 
Exploration Co., Pacific Gas & Elec- 
tric Co., and the State Public Utilities 
Commission. 

A member of AWWA since 1937, 
he was also a member of ASCE. 


Classified ads will be accepted only for ‘Positions 
Available’ or ‘Position Wanted.” Rate: $1.50 per 
line (minimum $5.00), payable before publication. 
Deadline for ad copy: first of month prior to month 
of publication desired. To place ad, obtain ‘Classified 
Ad Authorization Form” from: Classified Ad Dept., 
Journal American Water Works Assn., 2 Park Ave.. 
New York 16, N.Y. 


Positions Available 


SUPERINTENDENT-WATER DIVISION 


The city of Lakeland, Florida, Department of Electric 
and Water Utilities, is accepting applications for posi- 
tion of Superintendent, Water Division. Applicants 
must have degree in civil or mechanical engineering, 
with at least five years’ supervisory maintenance and 
construction experience in public or private water plant 
OR two years’ technical training and ten years’ experi- 
ence as described above. Excellent opportunity. Salary 
$7800 to $9000. Retirement, and insurance 
benefits. Write or contact Emory E. Walker, Per- 
sonnel Director, Civil Service Office, City Hall, Lake- 
land, Florida, or C. D. McIntosh Jr., Director, De- 
partment of Electric and Water Utilities, City Hall, 
Lakeland, Florida. 


leave, 


Filter Sand 


P. O. Box 307 


Well Washed and Carefully Graded to Any Specification. 
Prompt Shipment in Bulk or in Bags of 100 Ib. Each 


Inquiries Solicited 


NORTHERN GRAVEL COMPANY 


and Gravel 


Muscatine, lowa 
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JOURNAL AWWA 


the DEMON FIRE 


Some of the largest and most modern water works sys- 
tems in the U.S. are located here in the east-north-central 
States. It is hard to believe that here 90 years ago, a 
sprawling, shambling frontier city built of wood, prac- 
tically burned to the ground when Mrs. O'Leary’s cow 
kicked over a lantern. The Chicago Fire in 1871 was one 
of the first great disasters of U.S. history. It destroyed 
$200 million in property and took 250 lives. 

U.S. Department of Commerce lists 85 midwest cities 
today as having adequate and efficient water works, with 
an overload capacity 20% in excess of maximum-day 
load. But the Department also lists 16 midwest water 
works as inadequate and 18 additional water systems as 
definitely deficient! Here lives some 15 million Americans 
— But over 3 million of them have inadequate water sup- 
ply facilities! 

Annual property loss from fire in the U.S. in 1959 was 
in excess of | billion dollars. At the same time, approxi- 
mately half of the water works facilities of the U.S. are 
inadequate or deficient in capacity. Considering present 
water distribution deficiencies and increasing demand due 
to population growth, it is estimated that water supply 
facilities will need to be doubled within the next 20 years. 


AND FITTINGS COMPANY | 


ANNISTON, ALABAMA 


Ohio 
Indiana 
Illinois 
Michigan 
Wisconsin 
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you KNOW 
CLOW 


cast iron pipe 
will last over 100 years 


Can you risk the high cost of buying substitutes “at a price’’? CLOW cast iron pipe assures 
dependable water service...now and for the future. The first cost is the last cost. Only tough, 
rugged cast iron pipe combines proven long life, trouble-free service, and sustained high- 
carrying capacity at low cost. Can you afford to buy less? Before you buy, let us prove to 
you that CLow cast iron pipe is the best value for your job. 


CLow manufactures a complete line of cast iron pipe, fittings, valves, fire hy- 
drants and piping specialties for every waterworks installation. Write or call today. 


JAMES B. CLOW «4 SONS, INC. 


201-299 North Taiman Avenue, Chicago Illinois 


Subsidiaries: 
Eddy Vaive Company towa Vaive Company 
Waterford, N.Y. Oskaloosa, iowa 


Ciow Cast iron Pipe Piants are located at 
BENSENVILLE, ILLINOIS - BIRMINGHAM, ALABAMA - COSHOCTON, OHIO 
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Activated Carbon: 
Sales Div. 
Permutit Co. 


Activated Silica Generators: 
B-I-F Industries, Inc.—Omega 
Wallace & Tiernan Inc. 
Aerators (Air Diffusers): 
American Well Works 
Carborundum Co. 

General Filter Co. 

Permutit Co. 


Walker Process Equipment, Inc. 


Alr Compressors: 

Allis-Chalmers Mfg. Co. 

Worthington Corp. 

Alum (Sulfate of Alumina): 

American Cyanamid Co., Process 
Chemicals D 

General Chem Div., Allied 
Chemical Corp. 

Ammonia, Anhydrous: 

General hemical Div., 
Chemical Corp. 

Ammoniators: 


B-I-F Industries, Inc.—Proportion- 
eers 

Fischer & Porter Co. 

Wallace & Tiernan Co., Inc. 

Ammonium Sllicofiuoride: 

American Agricultural Chemical Co. 


Associations, Trade: 
American Concrete Pressure Pipe 


ADVERTISERS’ PRODUCTS 


Index of Aduertisers’ Products 


Cast Iron Pipe Research Assn. 
Steel Plate Fabricators Assn. 
Brass Goods 


Anaconda Brass Co. 

Hays Mfg. Co. 

Mueller Co. 

Brine-Making Equipment: 

International Salt Co. 

Calcium Hypochlorite: 

Olin Mathieson Chemical Corp. 
(Mathieson Chemicals) 

Calculators Hydraulic: 

Martin, Robert E. 

Carbon Dioxide Generators: 

Ozark-Mahoning Co. 

Walker Process Equipment, Inc. 

Cathodic Protection: 

Electro Rust-Proofing Corp. 

Harco Corp. 

Cement Mortar Lining: 

Centriline Corp. 

Halliburton Co. 

Southern Pipe Div. of U.S. Indus- 
tries 

Chemical Feed Apparatus: 

B-I-F Industries, Inc.—Omega 

B- Industries, Inc.—Proportion- 


Fischer, & 


ut 


Simplex Valve & Meter Co. 
Wallace & Tiernan Inc. 


Chemists and Engineers: 
(See Professional Services) 
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ulpment: 
nc.—B 
Inc.— 


Chlorination 
B-I-F Industries, 
B-I-F Industries, 


eers 
Fischer & Porter Co. 
Wallace & Tiernan Inc. 


Chlorine Comparators: 
Fischer & Porter Co. 
Klett Mfg. Co. 
Wallace & Tiernan Inc. 
Chlorine, Liquid: 
Olin Mathieson Chemical Corp. 
(Mathieson Chemicals) 
Wallace & Tiernan Inc. 
Clamps and Sleeves, Pipe: 
ames B. Clow & Sons 
resser Mfg. Div. 
Mueller Co. 
A. P. Smith Mfg. Co. 
Trinity Valley Iron & Steel Co. 
Clamps, Bell Joint: 
ames B. Clow & Sons 
resser Mfg. Div. 


Clamps, Pipe Repair: 


Dresser Mig. 
Trinity Valley Iron & Steel Co. 
Clarifiers: 

American Well Works 
Dorr-Oliver Inc. 

General Filter Co. 

Infilco Inc. 

Met-Pro, Inc. 

Permutit Co. 


Walker Process Equipment, Inc. 


AWAY 


A FEW CENTS 
EACH DAY | 
KEEPS RUST | 


National Tank Maintenance Corporation as 
a pioneer in the field of Annual Mainte- 
nance can show you how to save money 


1. Thorough inspection by qualified | 
inspectors to determine structural, 
paint and rust conditions. 


2. Submit r ti 
rective measures. 


class condition, 


Des Moines, lowa 
243-8694 


3. Place your installation in first 
complying with 
requirements of consulting engi- 
neers and state health authorities. 


4. For nominal annual fee service | 
your installation each year. | 


5. Emergency service available at all 
times. 
6. Complete performance bond cover- | 


WRITE—WIRE OR TELEPHONE 
| 


NATIONAL TANK 
MAINTENANCE CORP. 


1617 Crocker Street 6075 S. Expressway 
Jonesboro, Georgia 
478-7102 


for cor- 


SUCCESSOR 
TO THE MPN 


FOR WATER ANALYSIS 


Millipore® filters give direct, 
confirmed results in 16 hours 
with far less equipment and 
fewer man hours than fermenta-. 
tion tube methods. 
APHA Standard Method 
USPHS App 


Complete information 
available from 


Millipore 


FILTER CORPORATION 
EDFORD, MASSACHUSETTS 


i... 
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new Federal specification 


for water pipe 


Get your water pipe answers from m2 Sontioen | Pipe sale | 


Southern Pipe 


DIVISION OF U.S. INDUSTRIES, 
P.0. BOX C AZUSA, CALIFORNIA CUmberland 3-7111 - EDgewood 7-1221 


© 1961—U.S. Industries, Inc., Azusa, Calif. 


: 
: 
covers Southern Pipe STEELCOR CEMCOTE Water 
Pipe...cement-mortar lined and inforced cement-mortar 
coated welded steel pres sul pipe from 4 to 42 inches 
ter for use in water tra sion, distribution, 
_ * complete Federal specification INT. SSP-00385 a 
+ Design Tables covering water pressure classes 100 to 400} 
Friction Loss Table for nominal pipe-diameters 
(waterways) from 4 to 48 inches and flows from 
Joint with a Deflection Angle table fc rstandard 
and deep bell PresSeal Joints and an Allowable Radii 
chart of curvature r Vi ‘rious pipe le neth: : 
ee 
ee 
. ee 
ee 
ee 
$ 
ee 
Cemcote 
is U.S. Government approve = 
it 
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Coagulant Aids: 

Hagan Chemicals & Controls, Inc. 
Nalco Chemical Co. 

Philadelphia Quartz Co. 


Condensers: 

Allis-Chalmers Mfg. Co. 

Permutit Co. 

United States Pipe & Foundry Co. 
Worthington Corp. 


Contractors, Water Supply: 
Layne & Bowler, Inc. 


Controllers, Liquid Level, 
Rate of Flow: 

Bailey Meter Co. 

B-I-F Industries, Inc.—Builders 

Fischer & Porter Co. 

Foxboro Co. 

General Filter Co. 

Simplex Valve & Meter Co. 


Copper Sheets: 
Anaconda American Brass Co. 


Copper Sulfate: 
Tennessee Corp. 


Corrosion Control: 

Calgon Co. 

Harco Corp. 

Nalco Chemical Co. 

Philadelphia Quartz Co. 

Southern Pipe Div. of U.S. Indus- 
tries 

Couplings, Flexible: 

Dresser Mfg. Div. 

Southern Pipe Div. of U.S. Indus- 
tries 

Covers, Vault: 

Ford Meter Box Co. 

Wachs, E. H., Co 

Diaphragms, Pump: 

Dorr-Oliver Inc. 


Engineers and Chemists: 
(See Professional Services) 


Evaporating Equipment: 
Ozark-Mahoning Co. 
Permutit Co. 


Excavating Equipment: 
Charles Machine Works, Inc. 


Feedwater Treatment: 

B-I-F Industries, Inc.—Proportion- 
eers 

Calgon Co. 

Hungerford & Terry, Inc. 

Nalco Chemical Co. 

Permutit Co. 

Ferric Sulfate: 

Tennessee Corp. 

Filter Materials: 

Anthracite Equipment Corp. 

Carborundum Co. 

General Filter Co. 

Johns-Manville Corp. 

Northern Gravel Co. 

Permutit Co. 

Stuart Corp. 

Filters, incl. Feedwater: 

B-I-F Industries, Inc.—Proportion- 


eers 
Dorr-Oliver Inc. 
Permutit Co. 
Ross Valve Mfg. Co. 
Filtration Plant Equipment: 
B-I-F Industries, Inc.—Builders 
B-I-F Industries, Inc.—Omega 
Chain Belt Co. 
Filtration Equipment Corp. 
General Filter €o. 
Golden-Anderson Valve Specialty 


Co. 
Hungerford & Terry, Inc. 


ADVERTISERS’ PRODUCTS 


eae Co. 
Simplex Valve & Meter Co. 
Stuart . 
Wallace & Tiernan Inc. 


Fittings, Pipe: 
Dresser Mfg. Div 

Hays Mig. Co. 

Mueller 


Fittings, Tees, Ells, etc.: 

American Cast Iron Pipe Co. 

James B. Clow & Sons 

Dresser Mfg. Div. 

M & H Valve & Fittings Co. 

Southern Pipe Div. of U.S. Indus- 
tries 

Trinity Valley Iron & Steel Co. 

United States Pipe & Foundry Co. 

R. D. Wood Co. 


Flocculating Equipment: 
Chain Belt Co. 

Dorr-Oliver Inc. 

General Filter Co. 

Infilco Inc. 

F. B. Leopold Co. 

Met-Pro, Inc. 

Permutit Co. 

Stuart Corp. 


Fluoride Chemicals: 
American Agricultural Chemical Co. 


General Chemical Div., Allied 
Chemical Corp. 

Olin Mathieson Chemical Corp. 
(Mathieson Chemicals) 

Ozark-Mahoning Co. 

Tennessee Corp. 

Fluoride Feeders: 

B-I-F Industries, Inc.—Omega 


B-I-F Industries, Inc.—Proportion- 
eers 

Fischer & Porter Co. 

Wallace & Tiernan Co., Inc. 


Furnaces 
Jos. G. Pollard Co., Inc. 


Gages, Liquid Level: 

Bailey Meter Co. 

B-I-F Industries, Inc.—Builders 

Fischer & Porter Co. 

Simplex Valve & Meter Co. 

Wallace & Tiernan Inc. 

Gages, Loss cf Head, Pressure 
of Vacuum, Rate of Flow, 
Sand Expansion: 

Bailey Meter Co. 

B-I-F Industries, Inc.—Builders 

Fischer & Porter Co. 

Foxboro Co. 

Jos. G. Pollard Co., Inc. 

Simplex Valve & Meter Co. 

Wallace & Tiernan Inc. 

Gasholders: 

Bethlehem Steel Co. 

Chicago Bridge & Iron Co. 

Graver Tank & Mfg. Co. 

Pittsburgh-Des Moines Steel Co. 

Gaskets, Rubber Packing: 

James B. Clow & Sons 

Johns-Manville Corp. 

Gates, Shear and Sluice: 

Armco Drainage & Metal Products, 


Inc. 
James B. Clow & Sons 
Mueller Co. 
R. D. Wood Co. 
Gears, Speed Reducing: 
DeLaval Steam Turbine Co. 
Worthington Corp. 
Glass Standards—Colorimetric 
Analysis Equipment: 
Fischer & Porter Co. 


Vol. 53, No.9 


Klett Mig. 
Wallace & Tiernan Inc. 


Goosenecks (with or without 
Stops): 

James B. Clow & Sons 

Co. 

Southern Pipe Div. of U.S. Indus- 

tries 


Hydrants: 

ames B. Clow & Sons 
arling Valve & Mfg. Co. 

M. Greenberg’s Sons 

Kennedy Valve 

M & H Valve & Fittings Co. 

Mueller Co 

A. P. Smith Mfg. Co. 

R. D. Wood Co. 

Hydrogen Ion Equipment: 

Photovolt Cosp. 

Wallace & Tiernan Inc. 


Hypochlorite; see Calcium 
Hypochlorite; Sedium Hy- 
pochlorite 


Ion Exchange Materials: 
General Filter Co. 
Hungerford & Terry, Inc. 
Nalco Chemical Co. 
Permutit Co. 

Rohm & Haas Co. 


Iron, Pig: 
Woodward Iron Co. 


Iron Removal Plants: 
American Well Works 
General Filter Co. 
Hungerford & Terry, Inc. 
Permutit Co. 


Walker Process Equipment, Inc. 


Jointing Materials: 
Corp. 

asbey & Co. 
Leadite Co., 


Joints, Mechanical, Pipe: 
American Cast Iron Pipe Co. 
James B. Clow & Sons 

Dresser Mfg. Div 

a Pipe Div. of U.S. Indus- 


Trinity Valley Iron & Steel Co. 
United States Pipe & Foundry Co. 
R. D. Wood Co. 


Leak Detectors: 
Aqua Survey & Instrument Co. 
Jos. G. Pollard Co., Inc. 


Lime Slakers and Feeders: 
B-I-F Industries, Inc. 
Dorr-Oliver Inc. 

General Filter Co. 

Infilco Inc. 

Permutit Co. 

Wallace & Tiernan Inc. 


Locators, Pipe & Valve Box: 
Aqua Survey & Instrument Co. 
W. S. Darley & Co. 

Jos. G. Pollard Co., Inc. 


Magnetic Dipping Needles: 
Aqua Survey & Instrument Co. 
W. S. Darley & Co 


Meter Boxes: 
Ford Meter Box Co. 
Rockwell Mfg. Co. 


Meter Couplings and Yokes: 
Badger Meter Mfg. Co. 

Dresser Mfg. Div. 

Ford Meter Box Co. 

Gamon Meter Div., Worthington 
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How it can affect design of 


water softening installations 


What's the best brine level for a 500-gallon-per-hour salt 
dissolver? Your answer is bound to influence the type 
of dissolvyer construction needed, as well as the cost 
of operating the equipment. The lower the level, the 
less expense there will be in waterproofing the bottom 
portion of the dissolver. But too low a level can seriously 
reduce brine-making efficiency, and thus boost brine- 
making costs. 


It is essential, therefore, to reach the best compromise 
between original construction cost and subsequent 
operating expense by specifying the correct brine level. 
Here’s where International Salt Company is ready to 
help. 50 years of experience and continuing research 
in all phases of salt handling and brine production 
make International the leading authority on matters 
concerning salt purchase, storage and dissolving for “— 
regenerating ion exchangers. This knowledge is especially _ ce 
valuable in view of the ever-growing amounts of brine 


being used today. 
Service and research are the 
extras in STERLING SALT 


. 

INTERNATIONAL SALT COMPANY, CLARKS SUMMIT, PA. « Sales Offices: Boston, Mass. « Buffalo, N. Y. 
Charlotte, N. C. ¢ Chicago, Ill. ¢ Cincinnati, O. ¢ Detroit, Mich. ¢ Newark, N. J. « New Orleans, La. 
New York, N. Y. © Philadelphia, Pa. « Pittsburgh, Pa. « St. Louis, Mo. 
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Mig. Co. 
Hersey. ling Meter Co. 
Neptune Meter Co. 
Rockwell Mig. Co. 


Meter Reading and Record 


Books: 
Badger Meter Mfg. Co. 
Meter Testers: 
er Meter Mfg. Co. 
Meter Box > 
Hersey-Sparling Meter Co. 
Neptune Meter Co. 
Rockwell Mfg. Co. 
Meters, Domestic: 
Badger Meter Mfg. Co. 
Buffalo Meter Co. 
Calmet Meter Div., Worthington 


P- 
Gamon Meter Div., Worthington 


P- 
Hersey-Sparling Meter Co. 
Neptune Meter Co. 
Rockwell Mig. Co. 
Meters, Filtration Plant, 
Pumping Station, 
Transmission Line: 
Bailey Meter Co. 
B-I-F Industries, Inc.—Builders 
Fischer & Porter Co. 
Simplex Valve & Meter Co. 


Industrial, Commer- 


I: 
~~ Meter Mfg. Co. 
Bailey Meter Co. 
B-I-F Industries, Inc.—Builders 
Buffalo Meter Co. 
Calmet Meter Div., Worthington 


Corp. 
Fischer & Porter Co. 
Gamon Meter Div., Worthington 


Corp. 
Hersey-Sparling Meter Co. 
Neptune Meter Co. 
Rockwell Mfg. Co. 
Simplex Valve & Meter Co. 


Mixing Equipment: 
General Filter Co. 
F. B. Leopold Co. 


Motors, Electric: 
Allis-Chalmers Mfg. Co. 
Marathon Electric Mfg. Corp. 
Worthington Corp. 
Paints: 
Inertol Co., Inc. 
Koppers Co., Inc. 
Plastics & Coal Chemicals Div., 
Allied Chemical Corp. 
Pipe, Asbestos-Cement: 
Atlas Asbestos Co. Ltd. 
easbey & Mattison Co. 
Pipe, Brass: 
Anaconda American Brass Co. 
Pipe, Cast Iron (and Fittings) : 
Alabama Pipe Co. 


rinity Valley Iron & Steel Co. 
United States Pipe & Foundry Co. 
R. D. Wood Co. 


Pipe, Cement Lined: 

American Cast Iron Pipe Co 

lames B. Clow & Sons 
thern Pipe Div. of U.S. Indus- 
tries 


United States Pipe & Foundry Co. 
R. D. Wood Co. 


Lock Joint Pipe Co. 
Vulcan Ma Co. 


ADVERTISERS’ PRODUCTS 


Pipe, Copper: 

Anaconda American Brass Co. 

Pipe, Plastic: 

Keasby & Mattison Co. 

Orangeburg Mfg. Co., Div. of The 

Pipe, 8 

Armco ew & Metal Products, 


Inc 
Bethichem Steel Co. 
Southern Pipe Div. of U.S. Indus- 


Pipe Cleaning Services: 

Ace Pipe Cleaning, Inc. 

Centriline Corp. 

National Power Rodding Corp. 

National Water Main Cleaning Co. 

Robinson Pipe Cleaning Co. 

Pipe Coatings and Linings: 

American Cast Iron Pipe Co. 

Centriline Corp. 

Inertol Co., Inc. 

Koppers Co., Inc. 

Pipe Linings, Inc. 

Plastics & C Chemicals Div., 
Allied Chemical ica 

Reilly Tar & Chemical Corp. 

Southern Pipe Div. of U.S. Indus- 
tries 

Pipe Cutters: 

James B. Clow & Sons 

Ellis & Ford Mfg. Co. 

Pilot Mfg. Co. 

Jos. G. Pollard Co., Inc. 

A. P. Smith Mfg. Co. 

Wachs, E. H., Co. 

Wheeler Mfg. Corp. 

Pipe Jointing Materials; see 
Jointing Materials 


Pipe Locators; see Locators, 
Pipe 
Plugs, Removable: 


Jos. G. Pollard Co., Inc. 

A. P. Smith Mfg. Co. 
Potassium Permanganate: 
Carus Chemical Co. 
Pressure 
Allis-Chalmers ey 
Golden-Anderson Valve Specialty Co. 
Mueller Co. 

Ross Valve Mfg. Co. 
Pumps, Boiler Feed: 
DeLaval Steam Turbine Co. 
Pumps, Centrifugal: 
Allis-Chalmers Mfg. Co. 
American Well Works 
DeLaval Steam Turbine Co. 
Peerless Pump Div. 

C. H. Wheeler Mfg. Co. 
Pumps, Chemical Feed: 
B-I-F Industries, Inc.— 


eers 
Fischer & Porter Co. 
Wallace & Tiernan Inc. 
Pumps, Deep Well: 
American Well Works 
Fiese & Firsten 
Layne & Bowler, Inc. 
Peerless Pump Div. 
Pumps, Diaphragm: 
Dorr-Oliver Inc. 
Wallace & Tiernan Inc. 
Pumps, Hydrant: 
W. S. Darley & Co. 
Jos. G. Pollard Co., Inc. 
Pumps, Booster: 


Peerless 
Valve 


Chalmers 
Allis almers Mig. Co. 
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DeLaval Steam Turbine Co. 
Peerless Pump Div. 
C. H. Wheeler _ Co. 


Pumps, Sump 

DeLaval Turbine Co. 
Peerless Pump Div. 

C. H. Wheeler Mfg. Co. 
Pumps, Turbine: 

Layne & Bowler, Inc. 
Peerless Pump 


Permutit Co. 
Wallace & Tiernan Inc. 


Recording Instruments: 
Bailey Meter Co. 

B-I-F Industries, Inc.—Builders 
Fischer & Porter Co. 

Simplex Valve & Meter Co. 
Wallace & Tiernan Inc. 


Reservoirs, Steel: 

Bethlehem Steel Co. 

Chicago Bridge & Iron Co. 
Graver Tank & Mfg. Co. 
Pittsburgh-Des Moines Steel Co. 


Sand Expansion Gages; see 
Gages 

Sleeves: see Clamps 

Sieeves and Valves, Tapping: 

James B. Clow & Sons 

M & H Valve & Fittings Co. 

Mueller Co. 

Rensselaer Valve Co. 

A. P. Smith Mfg. Co. 

Sludge Blanket Equipment: 

General! Filter Co. 

Infilco Inc. 

Met-Pro, Inc. 

Permutit Co. 

Sodium Aluminate: 

Nalco Chemical Co. 

Sodium Chloride: 

International Salt Co. 

Sodium Fluoride: 

American Agricultural Chemical Co 

General Chemical Div., Allied 
Chemical Corp. 

Sodium H taphosphat 

Calgon Co. 

Sodium Hypochlorite: 

Wallace & Tiernan Inc. 


Sodium Silicate: 

General Chemical Div., Allied 
Chemical Corp. 

Philadelphia Quartz Co. 

Sodium Silicofiuoride: 

American Agricultural Chemical Co. 

General Chemical Div., Allied 
Chemical Corp. 

Tennessee Corp. 

Softeners: 

Dorr-Oliver Inc. 

General Filter Co. 

Hungerford & Terry, Inc. 

Permutit Co. 

Walker Process Equipment, Inc. 

Softening Chemicals and Com- 
pounds: 

Calgon Co. 

General Filter Co. 

International Salt Co. 

Nalco Chemical Co. 

Permutit Co. 

Tennessee Corp. 

Standpipes, Steel: 

Bethlehem Steel Co. 

Chicago Bridge & Iron Co. 

Graver Tank & Mfg. Co. 

Pittsburgh-Des Moines Steel Co. 


the 
erie Recorders. Gas Density, CO;, 
Fischer & Porter Co. 
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American Cast Iron Pipe Co 
ames B. Clow & Sons 
Pipe, Concrete: 
American Pipe & Construction Co. 
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Double the clear water capacity at half the 
installed cost with Celite Filtration 


Because diatomite filtration systems using Celite® filter aids require one-fourth 
the housing space of equivalent-capacity sand systems, real estate and construc- 
tion costs are drastically reduced. These savings, combined with the low initial 
price of a diatomite unit, permit the construction of new water filtering plants at 
one-half the cost. 

Celite is the most efficient and economical filter aid available. It removes all 
suspended solids—including amoebae, floc and algae—while maintaining maxi- 
mum flow rates. And, this clearer, brighter water is produced at a lower cost 
because a compact, semi-automatic diatomite system is easily operated and main- 
tained by regular municipal water personnel. 

For full information write: Johns-Manville, Box 325, New York 16, N. Y. In 
Canada: Port Credit, Ontario. Cable address: Johnmanvil. 


JOHNS-MANVILLE 
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Steel Plate Construction: 
Bethlehem Steel Co. 

Chicago Bridge & Iron Co. 
Graver Tank & Mfg. Co. 
Pittsburgh-Des Moines Steel Co. 


Stops, Curb and Corporation: 
Ford Meter Box Co. 

Hays Mfg. Co. 

Mueller 


Storage Tanks: see Tanks 


Strainers, Suction: 
James B. Clow & Sons 
R. D. Wood Co. 


Surface Wash Equipment: 
Golden-Anderson Valve Specialty 


Co. 
Permutit Co. 


Swimming Pool Sterilization: 

B-I-F Industries, Inc.—Builders 

B-I-F Industries, Inc.—Omega 

B-I-F Industries, Inc.—Proportion- 
eers 

Fischer & Porter Co. 

Wallace & Tiernan Inc. 


Tank Painting and Repair: 
Koppers Co., Inc. 
National Tank Maintenance Corp. 


Tanks, Prestressed Concrete: 
Preload Co., Inc. 


Tanks, Steel: 

Bethlehem Steel Co. 

Chicago Bridge & Iron Co. 
Graver Tank & Mfg. Co. 
Pittsburgh-Des Moines Steel Co. 


Tapping-Drilling Machines: 
Hays Mfg. Co. 

Mueller Co. 

A. P. Smith Mfg. Co. 


Tapping Machines, Corp.: 
Hays Mfg. Co. 
Mueller Co. 


Taste and Odor Removal: 
B-I-F Industries, Inc.—Builders 
B-I-F Industries, Inc.—Proportion- 


eers 
General Filter Co. 
Industrial Chemical Sales Div. 
Met-Pro, Inc. 
Permutit Co. 
Wallace & Tiernan Inc. 


Turbidimetric Apparatus (For 
Turbidity and Sulfate De 
terminations) : 

Wallace & Tiernan Inc. 


Turbines, Steam: 
Allis-Chalmers Mfg. Co. 
DeLaval Steam Turbine Co. 


Valve Boxes: 

James B. Clow & Sons 

Ford Meter Box Co. 

M & H Valve & Fittings Co. 
Mueller Co 

A. Smith Mfg. Co. 

Trinity Valley Iron & Steel Co. 
R. D. Wood Co. 


Machines: 
Mueller 
ey P. Smith Mfg. Co. 


ADVERTISERS’ PRODUCTS 


Valve-Operating Units: 
B-I-F Industries, Inc. 

age Equipment Corp. 
Wachs, H., 

Wheeler, Mig. Co. 


Valves, Altitude: 

Allis-Chalmers Mfg. Co., Hydraulic 
Div. 

Golden-Anderson Valve Specialty Co. 

Ross Valve Mfg. Co., 


Valves, Butterfly, Check, Flap, 
Foot, Hose, Mud and Plug: 
Mig. Co., Hydraulic 


Iv. 
B-I-F Industries, Inc.—Builders 
James B. Clow & Sons 
DeZurik Corp. 
Kennedy Valve Mfg. Co. 
M & H Valve & Fittings Co. 


Mueller Co. 
Pelton Div., Baldwin-Lima-Hamil- 


ton 
Rockwell Mfg. Co. 
R. D. Wood Co. 


Valves, Detector Check: 
Hersey-Sparling Meter Co. 


Valves, Electrically Operated: 
Mig. Co., Hydraulic 
) 


iv. 
B-I-F Industries, Inc.—Builders 
James B. Clow & Sons 

Darling Valve & Mfg. Co. 
Golden-Anderson V »~< Specialty Co. 
Kennedy Valve Mfg. Co. 

M&H age & Fittings Co. 
Mueller 

Rockwell Mfg. Co. 

A. P. Smith Mfg. Co. 


Valves, Float: 

James B. Clow & Sons 
Golden-Anderson Valve Specialty Co. 
Rockwell Mfg. Co. 

Ross Valve Mfg. Co., Inc. 


Valves, Gate: 

James B. Clow & Sons 
Darling Valve & Mfg. Co. 
Dresser Mfg. Div. 

Kennedy Valve Mfg. Co. 

M & H Valve & Fittings Co. 
Mueller Co. 

A. P. Smith Mfg. Co. 

R. D. Wood Co. 


Hydraulicaliy Oper- 
Hydraulic 


ail Chalmers Mfg. Co., 
div 

B-I-F Industries, Inc.—Builders 
James B. Clow & Sons 

Darling Valve & Mfg. Co. 
DeZurik Corp. 

Golden-Anderson Valve Co. 
Kennedy Valve Mfg. C 

F. B. Leopold Co. 

M & H Valve & Fittings Co. 


Mueller Co. 
Pelton Div., Baldwin-Lima-Hamil- 


ton 
Rockwell Mfg. Co. 
A. P. Smith Mfg. Co. 
R. D. Wood Co. 
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Valves, Large D 

come B. Clow & Sons 

Darling Valve & Mfg. Co. 

Golden-Anderson Valve Specialty Co 

Kennedy Valve Mfg. Co. 

M & H Valve & Fittings Co. 

Mueller Co. 

Pelton Div., Baldwin-Lima-Hamil- 
ton 

Rockwell Mfg. Co. 

A. P. Smith Mfg. Co. 

R. D. Wood Co. 


Valves, Regulating: 

Mig. Co., Hydraulic 
div. 

DeZurik Corp. 

Golden-Anderson Valve Specialty Co. 

Mueller Co. 

Rockwell Mig. Co. 

Ross Valve Mfg 


Valves, Swing Check: 

James B. Clow & oe 

Darling Valve & Mfg. C 
Golden-Anderson Valve Specislty Co 
M & H Valve & Fittiags Co. 
Mueller Co. 

Rockwell 


Venturi Tubes: 

B-I-F Industries, Inc.—-Builders 
Rockwell Mfg. Co. 

Simplex Valve & Meter Co. 


Waterproofing: 

Inertel Co., Inc. 

Koppers Co., Inc. 

Plastics & Coal Chemicals Div., 
Allied Chemical Corp. 


Water Softening Plants; see 
Softeners 


Water Supply Contractors: 
Layne & Bowler, Inc. 


Water Testing Apparatus: 
LaMotte Chem. Products Co. 
Wallace & Tiernan Inc. 


Water Treatment Plants: 

American Well Works 

Chain Belt Co. 

Chicago Bridge & Iron Co. 

Dorr- liver Inc. 

General Filter Co. 

Hungerford & Terry, Inc. 

Infilco Inc. 

Met-Pro, Inc. 

Permutit Co. 

Pittsburgh-Des Moines Steel Co. 

Walker Process Equipment, Inc. 

Wallace & Tiernan Inc. 

Well Drilling Contractors: 

Layne & Bowler, Inc. 

Well Reconditioning and 
Formation Testing: 

Halliburton Co. 

Layne & Bowler, Inc. 

Wrenches, Ratchet: 

Dresser Mfg. Div. 

Zeolite: see lon Exchange 


A complete Buyers’ Guide to all water works products and 
services offered by AWWA Associate Members appears in the 
1959 AWWA Directory. 
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Bitumastic No. 70-B Enamel Chosen Again 
After 23-Year Perfect Service Record 


Over 23 years ago, the City of Birming- 
ham, Alabama chose steel pipe lined and 
coated with Bitumastic® No. 70-B AWWA 
Enamel for use in unusually difficult serv- 
ice conditions: the coated pipe had to 
withstand severe soil subsidence and a high 
degree of soil acidity. After 23 years of 
service on this earlier pipeline, Birming- 
ham’s Industrial Water Board specified 
this Koppers coal-tar coating once more 
for protection of its newest water service 
installation—a 60-inch steel line that will 
supply the city with an additional 75 mil- 
lion gallons of water per day. 

Bitumastic Jet Set, the Koppers fast- 
drying primer, was applied to the 40-foot 
steel pipe lengths, and each section was 
then given a shop coating of Bitumastic 
No. 70-B Enamel on the interior and ex- 
terior walls. Pacific Pipeline Construction 


Company, of Montebello, California, sub- 
contractors to Morrison-Knudsen Co., 
prime contractors, performed this coating 
operation. Koppers Contract Department 
completed the joint coating work in the 
field. 

The family of Bitumastic coatings has 
built many performance records of this 
type in unusually difficult service condi- 
tions. For further information, write: 
Koppers Company, Inc., Tar Products 
Division, Pittsburgh 19, Pa. 


KOPPERS 


COATINGS AND ENAMELS 
another fine product of COAL TAR 
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TO HELP 
CONSERVE 
YOUR WATER 
SUPPLY 
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WATER is becoming more 
scarce, more expensive to obtain, 
treat, pump and deliver. 


CONSERVATION starts with the ef- 
@ ficient handling and delivery of water 


supplies — including meters, meter 
©) 4 setting and testing equipment. 


THE new Ford Catalog No. 
56 is a water man's “bible”. 
It not only pictures and lists 
the latest in meter servicing 
equipment, but it contains 
diagrams and much helpful data for the express pur- 
pose of conserving water through more efficient use 
of meters. It is available on request. Send for your 
copy today. 


FOR BETTER WATER SERVICES 
THE FORD METER BOX COMPANY, INC. Wabash, Indiana 
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La Mariposa Water Treatment Plant: Dorrco Monorakes in rear basins; Flocculators in foreground. 


CARACAS, VENEZUELA 


Dorr Monorakes, Flocculators Boost Capacity 


Caracas, with a population over one million and rated one of the 
world’s fastest growing cities, recently completed a second addition 
to its La Mariposa Water Treatment Plant to increase capacity from 
16 to 80 MGD. 

The original plant was equipped with two Dorrco Squarex Clari- 
fiers, 115’ square by 14’ s.w.d., and two Type “T” Flocculator units 
for basins 115’ long by 40’ wide by 11’ s.w.d. 

To achieve the five-fold boost in capacity, Dorr-Oliver equipment 
was again chosen. The recent additions comprise three Type “A” 
Dorrco Monorakes for basins 202’ long by 65’ wide by 14’ deep, three 
Type “T” Dorrco Flocculators 50’ long by 65’ wide by 11’ deep, and 
twelve new Filters. 

DESIGN ENGINEERS: Instituto Nacional de Obras Sanitarias. 
Every day over 81% billion gallons of water are treated by Dorr-Oliver equipment. 


Squorex, Dorrco—T.M. Reg. U.S. Pat. Off 


DORR-OLIVER 
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An engineer from Arizona reports: 


“Transite is a sound 
pipeline investment 
now and for 
the future.” 


A. H. Beard, Jr. 
Consulting Engineer 
Tucson and Phoenix, Ariz. 


“When considering a pipe 
material for water and 
sewage projects, ‘value’ 
analysis plays an impor- 
tant part in our choice. 
One of the main ques- 
tions is whether the pipe 
will perform reliably now and in the future 
with cost advantages to the client. 

“Experience has shown that Johns-Manville 
Transite® Pipe offers the value we seek. It 
has proved reliable and at very favorable 
costs. In addition to savings in handling and 
installing, Transite’s unique Ring-Tite® 
joints assure that leakage tests will not up- 
set job costs. In numerous tests, Transite 
lines have regularly been under the ‘allow- 
able’ specification. 

“Installations as old as Transite itself show 
this pipe outstanding under flexure, crush 
and hydrostatic conditions. Lengths of Tran- 
site excavated here in Arizona for tests 
showed no signs of internal corrosion after 
20 years of dependable service.” 

For full details, write to Johns-Manville, 
Box 362, JA-9, N. Y. 16, N. Y. In Canada: 
Port Credit, Ontario. Cable: Johnmanvil. 


J OHNS-MANVILLE 
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